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(ee tanks and other motorized 
equipment are only as important as 
the destructive blows they can deliver 
the enemy — gasoline is the fuel that 
makes possible completion of their 
deadly missions ... to help supply 
this vital fuel, Hanlon-Buchanan is sup- 
plying Butanes and Stabilized Natural 
Gasoline—STA-VOL-ENE the ‘‘Natural’’ 
known throughout the World. 
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See your supply house or write for Bulletin T-1737. 
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In fact modern warfare would be impossible 
without them. And many vital chemical 
products and processes would be impossible 
—or prohibitively costly —without auto- 
matic controls. Numerous plants in this 
greatly expanded —and still expanding — 
industry use Masoneilan equipment, which 
may be the reason you have been unable to 
obtain the controls you wanted when you 
wanted them. For vital war winning indus- 


tries come first. 


If you are one of our friends in this situa- 
tion remember that the controller, control 
valve or other equipment you wanted 
probably helped make the gas masks of 
the boys in Africa, the powder in those 
tommy-gun cartridges that licked the Japs 
in Guadalcanal, the tires on that supply 
truck in Australia, and the high octane 
gasoline that is flying American war-birds 


over Hitlerland. 


MASONEILAN 


REGUS PAT OFF. 


MASON-NEILAN REGULATOR COMPANY 
BOSTON, MASSACHUSETTS 
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E VIDENTLY synthetic rubber is coming from 
the new plants in quantity greater than expected 
at this date. At least executives of the rubber in- 
dustry indicate that in recent statements. If so the 
development brought one crisis to 
an end. 

The accomplishment at the same 
time brought another crisis into ex- 
istence. Now there are not enough 
workmen at hand to process the rubber into fin- 


From Crisis 
To Crisis 


ished products, especially casings and tires. 

The plea still stands that each automobile 
owner look upon his tires as precious products of 
elasticity. There may be more synthetic rubber 
than the season anticipated but there will not be 
as much automotive rubber as the nation could use. 


ee that authority to control does not 
assure an ample petroleum supply is to be had 
from reading statistics of the industry. Its storage 
tanks are scarcely converted in some instances. 
Stocks are diminishing against ris- 
ing needs. 

This condition continues despite 
the fact that the petroleum indus- 
try has as competent control as the 
federal government can boast. Since the Office of 
Petroleum Coordinator was established, Harold L. 
Ickes has found little opposition either from gov- 
etnment or from the industry. His recommenda- 
tions of crude-oil production have been accepted 
as directives by the state conservation agencies. 


Without 
Guarantee 
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Refinery throughput has followed other recom- 
mendations of his office. Additional refining 
facilities have been built as his calculations recom- 
mended. 

Despite all this, there is a diminishing supply 
of finished petroleum products. If this diminishing 
supply were the result of insufficient crude oil and 
not enough refining capacity, the situation could be 
dismissed with regret. But this is not true. The oil 
fields of the United States have not produced all 
the oil that could have been recovered without 
physical waste. Neither have its refining plants 
been operated at capacity. 

In large measure the daily totals of crude-oil 
production and the daily throughput of refining 
plants have represented what men in Washington 
considered sufficient. 


It was May of this year before refining plants 
along the Gulf Coast had the privilege of unlimited 
runs. Even then they were cautioned not to inter- 
fere with orders of proration in seeking additional 
crude oil. Until output of oil fields could be in- 
creased, the privilege of refining more crude-oil 
amounted to a set of words. Especially in Texas 
the oil fields could have been producing.as much 
oil in October, 1942, as they are in October, 1943. 
In other areas proration regulations held well out- 
put down when it should have been up. 


Had there been wisdom equal to the need, the 
oil fields of the Southwest would have been under 
no restraint or less restraint a year ago and the 
smaller refining plants along the Texas Gulf Coast 
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would not have been restricted to 70 percent of 
their throughput prior to May, 1943. 


Control cannot be expected to supply what does 
not exist. The expectation is that the full use of 
supply be provided. In oil at least the full use of 
supply has not been provided and the control of 
oil will match any other control in Washington. 

One criticism does apply to administration in 
PAW. Of late it has devoted much attention to 
crude-oil reserves. High concern attaches to the 
amount of crude-oil this nation may have a dozen 
or a score of years from new. 

It is far better that its oil fields produce to their 
limit today than that there be ample supply for a 
next generation. Unless there is sufficient oil for 
a gigantic war machine, the next generation will 
be concerned with only a few simple products, 
food, clothing and shelter. 


. 1918, most active industrial year of World 
War I, energy from mineral source was divided 
as follows: coal 85 percent, oil 12 percent, gas 3 
percent. In 1941 this relationship had changed to 
od 


leave coal with percent, oil 


32 percent and natural gas 11 


The Shift 
To Oil 


percent. 

In a quarter of a century oil 
and natural gas had risen from 
a place of providing one seventh of the mineral 
energy of the United States almost to the half way 
mark. In large measure the rise was due to the 
development of the cheap automobile. 


Over that period the consumption of coal 
dropped. Now, however, the inability to provide 
oil for all purposes over the nation has given coal 
an opportunity to regain part of its lost domain as 
an energy source. 


Most of the utilization of petroleum hydro- 
carbons for chemical manufacture has been based 
on the use of olefins made by cracking. Although 
the amounts of ethylene, propylene, and butenes 
made by pressure-cracking pro- 
cesses have been large in the ag- 
gregate, their concentration in by- 
product gases has generally been 


Chemicals 
From Oil 
so low that in many cases it has 
been more advantageous to operate special crack- 
ing processes, using propane, butane, or other oils, 
to get gases rich in these olefins. The use of higher 
cracking temperatures to obtain gasoline of higher 
octane numbers and catalytic cracking under cer- 
tain conditions to obtain butene and butadiene, has 
greatly increased the output of ethylene and propy- 
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lene and in many cases yields these in relatively 
high concentration. War censorship advisedly pre- 
vents details of these operations, The list of im- 
portant chemicals now being manufactured from 
ethylene and propylene is fairly well known and 
includes ethyl alcohol, ethyl chloride for the manu- 
facture of tetraethyl lead, ethylene dichloride, 
vinyl chloride for vinyl plastics, ethylene glycol, 
ethylene oxide, and a series of derived products, 
isopropyl alcohol, acetone, acetic anhydride, butyl 
alcohols, methyl ethyl ketone, amy] alcohols, butyl 
rubber from isobutene (and butadiene or 
isoprene), viscous and solid polymers from isobu- 
tene, alkyl amines, nitroparaffins, and a larger 
number of other products of lesser importance. 
“The most important synthetic product now 
made by the petroleum industry is butadiene for 
synthetic Buna S and Buna N rubbers. The manu- 
facture of butadiene and 100-octane aviation gaso- 
line is more or less interrelated. Both processes 
seem certain to survive on a large scale, though 
perhaps not on the present scale, after the war. 
Quantitatively, against the statistical background 
of the petroleum industry, butadiene and synthetic 
rubber are not important. Their cost after the war 
will depend to a considerable extent upon the de- 
mand for and value of 100-octane gasoline since 
the raw materials for both are interrelated. Buta- 
diene made only from the butene-by-product of 
catalytic cracking and from heretofore normally 
surplus butane could remain at a relatively low 
cost figure largely independent of the price struc- 
ture of crude and ordinary motor fuel.” 
-Extract from an article by Benjamin T.. Brooks 
in Chemical and Engineering News. 


S ELECTION of direct conversion of butane 
into butadiene, the first study of the new lab- 
oratory of the Bureau of Mines at Bartlesville, 
is an indication that the cost of synthetic rubbers 
will steadily decrease. Fortunately 
many other laboratories are also 
studying this problem. 

Butadiene represents 75 percent of 
Buna S rubber. If one step of de- 
hydrogenation of butane can make it rather than 
the two steps now used, the cost will move down- 
ward. 


Shorter 
Routes 


So many technologists are working on cost 
reduction programs for synthetic-rubber ingredi- 
ents that success must be accepted. When and how 
much are not predictable. Technologists have re 
duced costs of so many products that rubber can 
not escape. 

This research is the basis for the predictions 
that in time synthetic rubber will be not only 
superior to natural rubber but cheaper. 
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Refining of West Texas Crude 


B. I. SCOGGIN, Manager of Research and Development 
G. H. BURRUSS, Manager of Refineries, Anderson-Prichard Oil Corporation 


This paper was presented before a technical meeting of the Western Petroleum Refiners Association, Tulsa, October 12 


T |E purpose of this paper is to discuss the refining 
of West Texas crude oil from the viewpoint of a 
Mid-Continent refiner who may soon be forced to 
seek a supplementary crude source. 

We refer to Mid-Continent refiners in this paper 
with particular emphasis on refiners in Oklahoma and 
Kansas. No doubt each refiner who considers process- 
ing West Texas crude oil will be faced with many 
problems that will force him to alter his refining 
methods. This change in refining methods due to 
change in raw materials is obvious. It is just as 
important that forced changes in management and 
sales policies be recognized from the start. This will 
be of material aid to the refiner by elimination of 
misunderstanding due to changes in old products. 
Likewise, those in charge of sales policies will 
welcome an opportunity to gain early information 
regarding new products. 


Crude Analysis and Planning Operations 


From this point on we will endeavor to cover facts 
in the order that they will probably be covered by any 
refiner who eventually changes a part of his operation 
from Mid-Continent crude to West Texas crude. 

We have no processes for sale and no editorial 
policy to follow; therefore, we hope to use the 
minimum number of names of patented processes. 
Generally speaking, West Texas crude has been and 
can be completely and successfully processed without 
any of the licensed processes. Regardless of this fact, 
however, it may well be to the refiner’s advantage to 
use a patented process and pay the necessary royalty 
since the people who have developed and are promot- 
ing such processes are usually well acquainted with 
characteristics of West Texas crude oil and can give 
excellent technical service which will be difficult for 
every refiner to develop within his own organization 
under present manpower conditions. 

The term “West Texas crude” now has so many 
different meanings that it requires additional explana- 
tion. Table 1 will serve to illustrate this point. From 
this chart it will be noted that there is considerable 
Variation in the crude oils produced in the various 
areas in Texas with possible variations in octane 
tumber of from 20 to 65 in the ASTM octane number 
of 400-end-point gasoline. Several people who have 
‘xamined this table have asked for information con- 


cernine the sulfur content of each crude. Sulfur 
content could have been furnished, but we elected 
hot to furnish this information since our experience 
has shown that such information is often more 


academic than practical and may even be misleading: 
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Also, there are a number of publications available 
that will give information concerning total sulfur 
content, one of the best being the United States 
Bureau of Mines, R.I. 3699, April, 1943. There are 
several other similar listings in current literature.’ 

One of the surprising facts about West Texas pro- 
duction is that we could go down the list as shown in 
Table 1 and write in sulfur contents from .1 of 1 
percent to 3 percent at will and later be able to prove 
that these sulfur contents were correct. The important 
fact about sulfur content of West Texas crude is 
that it is available not only from field to field but 
within each field. Most West Texas fields produce 
from zones rather than from one major sand. The 
producing zones are made up of many sands of an 
apparent lenticular character. No two wells may pro- 
duce from exactly the same horizons in the same pro- 
portions. Sometimes offset wells may vary 100 percent 
in sulfur content. Therefore, if you are considering 
the use of West Texas crude in your Mid-Continent 
refinery, it is necessary that you maintain continuous 
records, first, of crude-oil analysis and, second, of the 
materials produced from a given refining operation. In 
our own refining operations we have made a practice 
of making crude-oil analysis upon the average crude 
from a given area as represented by pipe-line move- 
ments, then maintain daily routine checks of. the 
sulfur content of the gasoline streams. Any notice- 
able variation in the sulfur content of the gasoline 
produced can then be recorded and eventually corre- 
lated with analysis of the crude oil from sample 
obtained near its source. Over a period of time this 
will prove to be very useful information. 

Figure 1 shows a form of graphical presentation 
of crude-oil analysis that has been found useful in 
planning operations of West Texas crude oil. All 
petroleum refiners are acquainted with crude-oil 
breakdowns into percentages of various salable 
products. The usual refiner is mostly interested in the 
percent yield of gasoline as compared to the end 
point of the gasoline produced. In examination of the 
crude of high sulfur content, you must consider an 
additional factor in calculating yield of gasoline, This 
factor is sulfur content of the gasoline. Examination 
of the curve for the sulfur content versus the curve 
for octane number in Figure 1 shows the definite 
relationship between these two properties. Often it 
will be more practicable to operate from the stand- 
point of a given yield of a certain sulfur-content 
product than to operate with a given yield of a 
certain end-point product. This is an important item 
in your considerations of West Texas crude. Under 
your present operations the sulfur determination 
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apparatus that you have in your laboratory may be 
of minor consideration. As one refiner said, “Just an 
important looking piece of apparatus to show visitors 
in the plant.” For a successful operation with West 
Texas crude oil, sulfur determinations become rou- 
tine operational duties, equally as important as any 
other form of data used in plant-control operations. 

Incidentally, from a practical standpoint, we have 
in recent years found very little practical use of total 
sulfur content of a crude oil. First, the testing 
procedure is a long one of questionable accuracy when 
performed by routine testers; second, the sulfur 
content of the gasoline stream can be safely used in 
calculating sulfur content of other products, that 
is, insofar as refining operations are concerned. The 
lamp method of determining total sulfur content 
of gasoline is a more rapid and dependable test pro- 
cedure. Note Table 2 is a breakdown of West Texas 
crude oil into various types of products. Note that 
the crude oil had a total sulfur content of 2.86 and 
that evidently this sulfur content is distributed 
through the various products in proportion to the 
molecular weight and boiling point, the low-end-point 
gasoline having the lowest sulfur content and 
fuel-oil asphalt having sulphur content of above 4 
percent.”* 

Until recently there were a number of federal gov- 
ernment and state specifications requiring that motor 
gasoline have not more than .1 of 1 percent sulfur. 


TABLE 1 
Analysis of West Texas Crude Oils 


(From Railroad Commission of Texas, Analyses of Texas Crude Oils, 
October 25, 1940.) 



































Gasoline 
Ee aiid asthe 
Crude} Per Octane 
FIELD COUNTY | °API | Cent | °API | ASTM 
Se ee | Pecos Vee | 40.1 | 29.2 53. | 22 
Cedar Lake. Gaines ca | 35.5 | 32.0 5. 54 
Cowden N. Ector ‘ | 32.9] 31.3 . 53 
Cowden No. Deep Ector ; |} 31.3 | 21.2 | t 42 
Cowden So Ector. : 34.7 32.3 | 56. 53 
Crane Cowden Crane i 29.5 | 23.7 | 55.6 51 
Duggan. ; | Cochran ; | 28.7 | 30.3 | 52.! 55 
Dune aa | Crane ..--| 32.0 | 26.8 | 56.6 | 52 
Emma Andrews P | 33.4] 32.6 | 56.8} 55 
Fmperor 2 | Winkler ; .| 32.6 | 29.6 | 55. 54 
Emperor Deep 2 | Winkler “a |} 31.7 | 28.2 | 54.4 | 52 
Estes Pool | Ward , 34.4 | 33.3 | 58. 54 
Foster | Ector. ..-| 3869 1 33.3] 58. 52 
Fuhrman | Andrews. of ae | moe | GE 53 
Gulf McElroy | Crane & Upton... |} 30.9 | 25.3 | 56. 50 
Halley. Winkler. : 31.7 27.2 | 57. 56 
Harper. | Ector. , 34.8 33.3 | 55. 48 
Henderson | Winkler. ee 28.5 | 18.8 | 55. 57 
Hendrick . Winkler. es 24.4 | 11.4 : 58 
Iatan East Howard | Howard & Mitchell..| 30.0 | 29.6 | 53.4 58 
Howard Glasscock E | Howard & Glasscock} 33.2 | 18.7 | 55.2 | 58 
Johnson ; | Ector a |} 35.2 | 32.4 | 57.2] 51 
Jordan. . | Crane Kis | 32.8 | 30.8 | 55.2 | 50 
Kermit ie | Winkler 34.6 32.6 56.0 | 50 
Keystone (Colby) | Winkler. j 37.9 | 34.1] 588] 47 
Leck. . | Winkler... ... 28.1 | 21.1 | 542] 58 
Lehn. 4 | Pecos ; 32.2 | 287 | 548| 56 
Magnolia Sealy | Ward. | 29.1 | 25.0 | 55.6 | 49 
Mason. | Loving ie | 40.3 | 36.0| 57.3 50 
Masterson | Pecos. ‘ 30.9 | 26.0 | 55.0 | 48 
Means. | Andrews , 29.6 | 23.0 | 56.9 57 
Payton. se Pecos & Ward 33.5 | 29.5 | 55.6 51 
Pecos Valley Hi. Gr.. Pecos : 38.4 37.3 59.4 52 
Pecos Valley Low Gr Pecos 22.7 8.4 47.2 65 
Penwell. * Ector 35.9 33.6 57.4 53 
Sand Hills (Permian)...| Crane i 29.7 | 30.5] 54.8 50 
Sand Hills (Ordovician)| Crane bck .| 45.3 | 37.6 5.2 20 
Scarborough. Winkler. | 31.8 | 22.5 | 52.9 | 43 
Seminole Gaines. . F .| 33.6 | 33.0 | 57.3 | 54 
Sharon Ridge Scurry & Mitchell. . 29.8 | 28.6) 546; 57 
Shearer. Pecos. . : ok: 33.4 | 283 | 56.4 50 
Shipley . Ward. 35.7 | 33.3 | 58.4 54 
Siaughter Hockley 31.3 32.2 55.9 56 
Snyder... sé Howard. 30.1 30.3 ; 55.1 59 
Taylor Link . Pecos 32.1 | 20.2} 53.3 57 
Waddell +% Crane 33.5 | 28.6 | 58.3 51 
Ward No. x Ward. 30.8 | 25.6 | 52.9 52 
Ward So.. Ward ; 31.8 | 24.8] 53.1 46 
Wasson , Yokum & Gaines....| 32.8 | 31.6 | 55.9 55 
Westbrook Mitchell... ae 26.1 | 31.5 | 51.9} 59 
Wheat... Loving 38.4 | 34.1 | 57.2; 53 
White & Baker Pecos. 30.6 | 26.0 | 55.4]| 52 
3 re eee 29.9 | 24.0 | 564; 60 
{ i 
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However, there has been an enlightened viewpoint on 
this subject and the federal government has changed 
specifications to allow up to .25 of 1 percent sulfur 
in gasoline used by the federal government. If you 
have not thoroughly investigated the facts concerning 
sulfur content of gasoline, you may believe that 
there was at one time some logical justification for 
the limit of sulfur content. Actually there has never 
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FIGURE 1 


been a logical justification for such laws and the 
former federal laws were apparently arrived at, more 
or less, by accident at a time when all of the available 
gasoline contained not more than .1 of 1 percent 
sulfur.? 

It is finally realized that any motor that is actually 
harmed by high-sulfur motor fuel will also be harmed 
to an almost equal extent by the use of any other type 
motor fuel. One of the classical examples of this 
behavior was brought out a number of years ago 
when the manufacturer of certain types of auto- 
mobiles advised a manufacturer of a_high-sulfur 
benzol that if the sulfur content was not lowered he 
would be forced to advise the distributors of his 
automobiles and their customers not to use. his 
benzol. The benzol manufacturer investigated the 
problem and after due consideration advised the 
automobile man to “Go as far as you like, but at the 
same time we will be forced to advertise something 
else that may be news to you. Yours is the only one 
of many makes of automobiles in which this benzol 
has been used in which it has caused corrosion.’ A 
subsequent investigation of this problem yielded the 
feature known as crankcase ventilation.* Without 
such ventilation, extremely corrosive compounds will 
form from carbon dioxide and water plus presence 0! 
chlorine and bromine that are a part of tetraethy! 
lead compounds, Actually, straight-run gasoline from 
West Texas crude oils is a better grade of motor fuel 
than the straight-run gasoline manufactured from Mid- 
Continent crude oil. The question of sulfur content 
is interesting and important from the standpoint 0! 
process control and equipment protection, but of no 
practical significance from the standpoint of motor 
fuel use. 

Further examination of Table 2 yields other intor- 
mation which should. be emphasized. Note that the 
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TABLE 2 


Crude Oil Analysis, Westbrook Crude, Mitchell County, Texas 
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LIGHT FUEL OIL RESIDUUM 
| GASOLINE STOCKS DISTILLATE 
| -\- After | After | After 
| Crude | 350 375 415 435 450 35 32 GAS 415 35 32 
| Charge | E.P. E.P. E.P. E.P. E.P. | Gravity) Gravity; OIL E.P. | Gravity) Gravity| Asphalt 
Percent Yield from Crude. ed (Beas a is rere scsi Sac ews 67.00 | ...... aL. Shag (95 
Percent Yield from Crude. epee reeeene ia ee 6.10 gWdgs tourer Seat 60.90 Rb ee: 
Percent Yield from Crude. ex ee hee Sgheiaeraevens Pye bikes a? get + SE Ge CR aN Ae BCE i We aes 
Percent Yield from Crude. . bean ee is 32.00 Pee en: Fe ee 12.20 oe eee Ore wre gn > Snes 33.20 
Percent Yield from Crude. : SEE5. i a oe | 34.05 35.10 6.10 12.20 21.60 67.00 60.90 54.80 33.20 
Gravity. Ee pe Ee fe iis ke 52.1 50.8 49.2 | 48 48.2 | 35.1 32.5 24.4 14.3 12.3 | 11.6 Nd 
i —C.T.) 5... | PPPs Nowe 164 ERR SRT ae Pei: 
Flash—Clev............ 7 iP eee 280 260 295 325 
Viscosity at 100° F. a | 74 | 33 | 35 55 SH, 
Viscosity at 130° F. ae 3 , 260 540 11140 
Viscosity at 210° F.. $ Ree 69 106 | 152 
Viscosity Illuminatin | ; 490 TooHvy.| ... : $5: j 
BP. . cis 300 ve | pA | 25 |—20 60 
Solid slated eit a ert a SER AES, 55H) | I-30: |—25 aehy 
Color—Saybolt ; s - +25 | +25 | +23 +21 | +16 — 6 | B-16 | 
Doctor Test : i “ Pos. | Pos. Pos. Pos. | Pos. Poe: Pee) | 
Strip Copper. . , oe Good Good God Good Good ey ee Oe | wae me Te Set 
Percent Sulphur... . > rs. F 2.86 0.12 | 0.15 0.20 | 0.23 | 0.25 0.89 1.23 2.13 3.45 | 3.88 4.02 | 
Percent S & W..... a” ” 0.60 | .. oo a ree Cree at pe & PRE Ly oF ora 
Percent Mercaptans.. . ae } Cn fe a ere hey 
Octane No......... 62.5 | 50.0 | 545 | 53.0 | 52.0 | 
' 1 | 
A.S.T.M. Distillation: | Asphalt Analysis 
RS ict athe < asakie ‘ “4 } 135 140 144 145 145 436 439 500 —_— 
5 Percent... a : 178 183 188 190 191 | 453 468 oe Penetration... oe 188 
10 Percent... } re = 192 200 210 212 215 457 475 574 Melting Point. j 103 
20 Percent... 212 222 232 234 237 462 481 590 Ductility . ; ‘ 100+ 
30 Percent... | 228 238 252 256 258 465 487 602 Pee Ds : 495 
40 Percent | 241 254 270 275 277 469 492 616 Sol. in CS2. . 99.9 
50 Percent. . : ee 269 288 296 298 473 498 626 Sol. in CCl4... 99.9 
60 Percent. . : 2 264 285 309 320 322 475 505 640 Sol. in 86° Naphtha..... 88.0 
70 Percent. ... a fe : 272 295 328 343 349 481 513 655 Fixed Carbon........ 8.4 
80 Percent. ... | 288 | 315 354 374 382 487 525 674 Loss @ 325° F. 5 Hrs.. 0.1 
90 Percent... ay oo | 308 | 340 | 386 408 418 497 543 700 Pen. of Residue....... 54 
95 Percent... os 53 | | 328 360 408 | 434 444 509 ee Gee Shattuck Oxidation Test. Excellent 
End Point ; i, 350 379 418 440 f 515 eh Hs WS ae Benson Film Test...... Excellent 
Percent Recovered ; 97.50 98.00 98.00 98.00 98.00 98.00 98.00 90.00 Ductility after 24 Hrs. 
Percent in Flask . : oe 1.00 1.00 1.00 1.00 1.00 2.00 2.00 10.00 heat loss... . »% 100+ 
Percent Loss. . . ie 1.50 | 1.00 1.00 1.00 | 1.00 0.00 0.00 0.00 
Percent @ 212° F | 20.00 14.50 11.00 10.00 | 9.00 | | ng! Fe iP 
| ! i 








light distillate cuts from 32 to 35 gravity have a 
pour point of minus 20 or below. This is generally 
true of all such distillates from West Texas crude 
oils. Furnace distillates and low-pour-point diesel 
fuel have many characteristics that render them 
superior to competitive products of the same boiling 
range from Mid-Continent crude. 

Note that an analysis of asphalt products has also 
been included. You may not be interested in asphaltic 
materials; however, it is interesting to know that 
asphalts produced from West Texas crude oil have 
a very high resistant oxidation and are among the 
only asphalts produced in the Mid-Continent that 
will pass the Shattuck oxidation test. Some chemists 
say this resistance to oxidation is due to the high 
sulfur content.® 

Under other phases of this paper we will have 
occasion to furnish further details concerning the 
quality of products of West Texas crude. The heavy 
gasoil cuts usually contain wax, and as you will note 
irom Table 2 have a high cold test. We have no 
intlormation concerning the possible production of 
lubeoil or paraffin wax from this type crude. As 
has been mentioned in several current magazine 
articles,® a satisfactory kerosine cannot be made from 
West Texas crude by the process used in refining 
Mid-Continent crude. It is obvious that there may be 
many other products that could be attractive from a 
refining and marketing standpoint, but the companies 
that have been manufacturing a quality grade of 
fange oil, kerosine and the like should not expect 
to manufacture the same grade of product when 
operating exclusively on West Texas crude oil. There 
's a possibility that the government may need con- 
siderable quantities of diesel fuel. At present the 
Army purchases diesel fuel under three types of 
specifications known as A, B and X." The A and B 
grades are the type diesel fuel ordinarily manufactured 
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from Mid-Continent crude. Grade X can usually be 
manufactured from West Texas crude, particularly if 
the West Texas crude can be blended with a small 
amount of distillate from Mid-Continent crudes. We 
understand that Grade X, which is specified for 
operations in cold climates, is. more difficult to pro- 
cure than Grades A and B. 


It is easy to see from the above brief resumé of 
petroleum products manufactured from West Texas 
crude that there are certain disadvantages in blend- 
ing West Texas crude with Mid-Continent crude and 
then processing the blend. While such an operation 
might be entirely satisfactory from a strictly opera- 
tional standpoint, the mixed products would certainly 
be advisable to process each type of crude sepa- 
rately, then blend the products to meet customer 
requirements. 


Crude Storage 


After thorough consideration of West Texas crude 
oil from the standpoint of analysis and products, we 
next have to consider storage of crude oil prior to 
first distillation, Storage-tank corrosion from high- 
sulfur crude is mainly the result of breakdown of 
hydrogen sulfide when mixed with air, forming 
elementary sulfur and water. Naturally, all storage 
tanks should be effectively sealed regardless of the 
type crude stored, but with crude containing large 
quantities of hydrogen sulfide, sealing to prevent 
air entrance is of more importance. Disregarding this 
relationship between air and hydrogen sulfide, it 
can be generalized that the greater the amount of 
hydrogen sulfide, the more corrosion in the storage 
tanks. Therefore, the worst corrosion is in the 
producer’s tank where the crude contains the maxi- 
mum H,S, and usually the least attention is given to 
breather valves, etc. Corrosion is progressively less 
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from producer’s tank to pipe-line gathering system 
and thence to refining storage. We have 3/16-inch 
steel roof on storage tanks in crude-oil service 
for 8 years. 


Safety Precautions 


Anyone considering the use of West Texas crude 
oil should secure a number of copies of United States 
Bureau of Mines Bulletin 231 entitled, “Investigation 
of Toxic Gases from Mexican and Other High Sulfur 
Petroleum and Products.” This booklet is very good 
for educational programs in connection with the 
hazards of hydrogen sulfide. The danger of hydrogen 
sulfide is obviously in proportion to the amount of 
gas present. This danger is of course greatest in 
production operations and decreases as the crude 
loses hydrogen sulfide during transportation. Crude- 
oil storage tanks in the refinery contain a high 
percentage of hydrogen sulfide. Operators who 
have occasion to open gauge hatches of crude-oil 
tanks should be cautioned concerning inhaling the 
poisonous hydrogen sulfide fumes. It is also advisable 
that vapor-recovery lines from crude tanks be dis- 
connected from vapor recovery. As pointed out in 
other sections of this paper, hydrogen sulfide besides 
being corrosive and poisonous will cause all products, 
even the finished gasoline, to become unsatisfactory 
for use due to direct absorption of hydrogen sulfide. 
At other points where hydrogen sulfide will be par- 
ticularly evident will be in connection with the non- 
condensible gases from cracking still which the usual 
refiner uses as a fuel. This gas will contain a high 
percentage of hydrogen sulfide and will require the 
usual precautions. 

I am acquainted with the circumstance of only one 
fatality from hydrogen sulfide gas in a refinery. That 
happened 12 or 14 years ago when the caustic that 
had been used in scrubbing the hydrogen sulfide from 
straight-run gasoline was dumped into the plant 
sewer lines. Acid sludge from another portion of the 
plant was dumped into the same sewer system. The 
reaction between the sodium sulfide and sulfuric acid 
resulted in the release of a large volume of hydrogen 
sulfide. This release of large volumes of hydrogen 
sulfide resulted in the death of a pump mechanic who 
was not aware that the volume of hydrogen sulfide 
had been materially increased. It is sometimes diffi- 
cult to explain to workmen that hydrogen sulfide in 
the pure form is actually an odorless gas and that it 
is only the low concenrates that are so noticeable. 


Pre-Treatment of Crude—Desalting 


Many refiners ask for information concerning a 
type of treatment that can be applied to the crude 
oil prior to processing that will eliminate the hazards 
of corrosion to the processing equipment. No such 
treatment has yet been made available to the refining 
industry. However, almost all operators who are 
using West Texas crude have some type of desalting 
operation prior to first distillation. 

Hydrogen sulfide that is present in the crude oil 
will combine directly with metals to form iron 
sulfide, but such a coating is actually a protective 
coating and additional corrosion due to sulfur will 
not occur unless this sulfide coating is removed. The 
magnesium and calcium chlorides present in the 
crude oil tend to break down at the temperatures of 
ditillation, forming hydrogen chloride gas that is 
very corrosive and will immediately remove the 
sulfide layer so that the principal corrosion in the 
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first distillation is first conversion of the metal ‘nto 
an insoluble sulfide and then the solution of this 
sulfide by hydrochloric acid, Effective desalting will 
decrease the formation of hydrogen chloride and 
thus decrease corrosion. 

Mid-Continent refiners of West Texas crude will 
have one definite advantage over those refiners who 
process the material in West Texas. For instance, one 
of the most efficient ways to remove salt is through 
the use of electrical desalting.* This electrical desalt- 
ing requires the addition of some fresh water to the 
crude, then the total water content is precipitated in 
the electrical precipitator. This usually results in 
removing of from 90 to 95 percent of the salt and 
filterable solids, some H,S, and elementary sulfur. 
For this operation to be effective, the fresh water 
that is added must be low in salt content. There are 
several regions in West Texas where the fresh water 
used in refining process will contain more salt than 
is contained in the crude oil. Under such conditions 
the only possibility is to desalt through heating of the 
oil, permitting the water and salt to settle through 
one of the so-called “gun barrel” settlers. The 
removal of this salt reduces the coke deposit in all 
parts of the first-distillation heaters and has a very 
definite bearing upon corrosion. ; 


First Distillation 


The next statement may be controversial in the 
minds of some West Texas refiners and there are 
certainly at least some minor exceptions, but generally 
speaking no special alloys are required in the crude 
dsitillation equipment for satisfactory service and 
reasonable life of equipment. At the usual temperatures 
of first distillation there is no excessive corrosion in 
the heater tubes or headers. As a matter of interest 
the crude fractionating column that is at present in 
service in one of our plants was installed in 1927 with 
a shell %-inch thick at the start. It is now ready for 
replacement, Pumping equipment is one exception 
to the statement concerning alloy metal. From the 
standpoint of mechanical efficiency and reduction in 
maintenance to pumps, pump packing, etc., we are 
using 18-8-chrome-nickel-covered rods, valves and 
seats on a hot-oil crude charge pump (275° F.) and 
18-8-chrome-nickel-covered rods on the hot tar pump 
(550° F.). We also find it an advantage to use alloy 
metals on gasoline reflux pumps. We are using monel 
rods and Dura-bla valves with “Ni-Resist” liners and 
pistons. Condensing equipment is cast iron, heat 
exchangers are steel with admiralty metal and steel 
tubes. After-coolers on gasoline are steel shell 
and tubes. 

As mentioned in connection with the necessity 0! 
desalting, the point of principal corrosion in dis- 
tillation of sour crude is in condensing equipment. Ii 
the crude has been thoroughly desalted, the quantities 
of ammonia required will be less; however, it will 
still be necessary to add some ammonia into the first 
distillation vapor lines and condensers. We use aqua 
ammonia pumped by centrifugal pump from storage. 
The aqua ammonia is measured by a Rotometer. It 1s 
introduced on the top fractionating deck of the crude 
oil fractionating column. Introduction at this port 
gives better distribution and takes care of corrosion 
that may be accelerated at the point where reflux 1s 
added. We control the quantity of aqua ammonia by 
maintaining a Ph.8 on the condensate water. This 
is checked hourly by the use of a Universal indicator 
by the stillman. Once daily a check is made wit! the 
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electrical potentiometer in the laboratory as a means 
of checking the operator’s interpretation of the 
















ll Universal indicator. There are a number of other 

d controls that could possibly be used. Indicators such 
as phenolphthalein and methyl orange have too wide 

TT a range for application to this problem. We operated 
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ry successfully for a number of months by checking the 
condensate stream for iron with a common potassium 
ferrocyanide quantitative test for iron, setting up a 
column standard for maximum iron content allowed. 

* We use from .015 to .03 pounds of aqua ammonia per 

es barrel of crude. Much is said in current literature® 

lly concerning the possible formation of ammonia 

ve chloride that will plug vapor lines and tower, This 

“i is a problem and will require facilities for periodic 


water washing of the condenser coil. 

It should be explained that the ammonia is used 
to neutralize only the hydrochloric acid present. The 
‘ hydrogen sulfide is removed in the caustic scrubber 
th between the condensing section and the run-down 
ta tank. If the hydrogen sulfide is efficiently removed 
oe there is no reason why there should be any more 
" corrosion in the distillation run-down tanks than there 
‘. would be with the unit operating on sweet crude. 
ie Likewise, in finished storage tanks there is no reason 
al for corrosion, at least not any more reason for 
corrosion than there would be under operations with 
a sweet crude. There have been references in literature 
to mercaptan sulfur corrosion,’® as well as some 
reference to other types of sulfur compound; how- 
ever, so far aS we can determine all corrosion ir. 
crude oil tanks is due to hydrogen sulfide, either 
directly or indirectly. 
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Efficient and thorough scrubbing of the gasoline 
siream prior to entering the run-down tank is very 
” important. If a refiner is equipped in the usual 
a manner with vapor-recovery connections to run-down 
Tf tanks, the presence of hydrogen sulfide in the run- 
ses down tank will pass from the run-down tank into 
vill the vapor lines and may even be absorbed into all 
irst other tanks, finished gasolines included. The amount 
yua of caustic used for this scrubbing varies with the 
ge. efficiency of the scrubber and the actual hydrogen- 
hy sulfide content of the crude. It is possible to remove 
ide hydrogen sulfide with .2 or .3 of a pound of caustic 
vint per barrel of crude charged. 
ion 
x is Cracking Still 
by Corrosion becomes a serious problem in cracking 
‘his still units or vacuum still units, or any place where 
tor it is necessary to heat the charging stock to above 
the 675°. We know that increased corrosion which we 
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call “hot corrosion” starts at approximately this 
temperature and increases with increases of tempera- 
ture, depending somewhat upon the exact nature of 
the charging stock. 


In Figure 2 we show corrosion rates versus tem- 
peratures as measured from tube to tube in the 
heater of the reforming still. The exact shape is of 
no significance except as it is related to the heater 
from which the data was collected. In other words, 
changes in pressure and temperature will have an 
effect upon the exact crest of this curve; also the 
type of charging stock processed in a given heater 
will materially affect the shape and crest of this 
curve. The important feature is that such a relation- 
ship can be established for almost any heating unit. 
The data for constructing such a curve necessitates 
very careful inspection, which, in itself, is good train- 
ing for plant inspectors. Once the data is collected it 
provides a direct clue to the points of maximum 
corrosion. It will show where alloy steels would be 
of maximum benefit, etc. 


Our cracking plant equipment contains several 
types of alloys and some regular carbon steel as 
follows: 

All tubes, return bends and hot transfer lines are 
18-8 chrome nickel. The vapor column has a lining of 
11-13 chrome steel spot welded to the steel shell. The 
soaking chamber is lined with a composition material 
that both protects and insulates the vessel. The hot 
oil circulating pump is 11-13 chrome. /ncidentally, we 
have found no measurable corrosion of 18-8 chrome 
nickel steel in any sour-crude operation regardless of 
temperature. The fact that 18-8 chrome nickel steel 
costs at least 12 times as much as regular steel is a 
very real barrier against extensive use of this metal, 
Starting with the vapor line from the vapor column, 
all beyond is ordinary carbon-steel equipment. No 
neutralizing agents are used in the cracking plant 
condensing system. 

Practically all refiners operating cracking stills on 
West Texas charging stock, who are not equipped 
with 18-8 steel in.the critical zones mentioned above, 
use at least 4-6 chrome with the addition of lime to 
the cracking-still charge. We have been told that lime 
up to 1 pound per barrel has been used in combatting 
corrosion in the cracking still.17 However, there will 
still be some corrosion at points where the tempera- 
ture is above 700° F. 


We believe that corrosion is a problem in almost 
any thermo cracking unit since very few crude oils 
are actually free of sulfur. The so-called sweet crudes 
merely have less sulfur than some of the others so 
that the use of charging stock with a high sulfur 
content will probably mean that corrosion will still 
occur at the same places where it has been noticed in 
previous operation, but can be expected to proceed 
at an increased rate. We have conflicting opinions 
expressed in literature as to which type of sulfur 
compound is the most corrosive. Marks states’® that 
the mercaptan sulfur compounds are the most cor- 
rosive of sulfur products; however, we have been 
unable to prove that mercaptans are actively cor- 
rosive. Nevertheless, all corrosion problems that we 
have studied in connection with refining of West 
Texas crude have been corrosion in the presence of 
H,S. The fact that so-called “hot corrosion” starts at 
temperatures around 700 or above can be tied to the 
fact that most West Texas crude will show some 
cracking action and hydrogen sulfide formation at the 
same temperature. Therefore, we expect corrosion at 


{311} 87 






























































A LED iT te Silt 











any place where hydrogen sulfide is present and if 
lime is used to decrease corrosion in cracking units 
the degree of protection can be judged by the 
decrease in hydrogen sulfide content of the gas pro- 
duction. In one test that was made it was found that 
each 1 pound of lime added per barrel charging stock 
would reduce the hydrogen sulfide by aprpoximately 
30 grains per 100 cubic feet of gas. No doubt this 
figure will be different for each type of cracking 
operation and will have other variables such as the 
actual quantity of sulfur present in the charging 
stock and the temperature or degree of cracking. 

Obviously, all lime used in charging stock will 
eventually become a part of the tar production. In 
this respect it may render this tar unsuitable for fuel 
purposes, particularly in meeting requirements for 
sediment. There may be numerous methods of remov- 
ing this lime from the tar. The possible use of filters 
is obvious. Some plants have a practice of contacting 
pressure-still tar containing lime with the carbon 
dioxide from stack gases, causing the precipitation 
of the lime as calcium carbonate. We have had no 
experience with any of these operations; therefore, 
we are unable to furnish any information as to the 
efficiency of any type of process used to remove lime. 

Many refiners ask questions regarding the possi- 
bility of reducing corrosion by blending the high- 
sulfur-content crude with a crude of less sulfur 
content. While we doubt this would be advisable in 
the production of gasoline, kerosine and distillates, it 
might have beneficial effect on charging-stock gas- 
oils for pressure stills. We would expect that the 
possible benefits could be measured by quantity of 
H.S in the gas production, the same as benefits of 
treatment with lime can be measured. 


Other Parts of Distillation Equipment 


No doubt many of you have gasoil stills or vacuum 
units used in the production of heavy distillates. Such 
equipment usually operates at temperatures above 
675° F. and will be subject to corrosion the same as 
other points at high temperature in refining process- 
ing. Under such conditions you can expect corrosion 
on outlet tubes and vapor line. Here again, ammonia 
can be used to offset the corrosion cycles. Hf alloys 
are available it is advisable to line the tower with 
11-13 chrome. In one such operation we used approxi- 
mately .03 pound of aqua ammonia per barrel of 
charge. 

Treating 


You have noted that treatment with ammonia for 
hydrogen chloride and caustic scrubbing for removal 
of hydrogen sulfide has been treated under the head- 
ing of distillation. We believe that such treatments 
should be considered from the standpoint of correc- 
tive chemical treatment to eliminate corrosion. A 
treatment of the raw gasoline to render the product 
satisfactory from the user’s standpoint will use 
about the same type process and the same equipment 
as used for treating cracked distillates from any refin- 
ing operation. There is no need for any special alloys 
in any treating process that is carried out at tempera- 
tures below 675. As has previously been noted, any 
high temperature process will need alloy protection. 


Sweetening Processes 


The first treating processes for petroleum dis- 
tillates containing sulfur were primarily processes 
used for odor improvement. Such processes are 
usually called “sweetening processes.” Practically 


88 {312} 








every refiner who operates a cracking still also 
operates some type of sweetening process. These 
have been listed’? as doctor treating, lead-sulfide 
treating, hypochlorite treating, and copper-chloride 
treating. 

All of these processes convert mercaptan sulfur 
(that is, the strong odor sulfur compounds) into a 
mercaptide sulfur that has reduced odor. There are 
many conflicting claims concerning the efficiency of 
these various processes. Each is dependent upon 
accurate control procedure for efficiency. When we 
are confronted with the conflicting claims of the 
efficiency of these various processes, we are often 
reminded of the philosopher’s conception of the 
difference between a fact and a truth. I believe little 
detailed explanation of this difference will tell what 
is meant by adequate control. For instance, it is a 
fact that if one of the several processes mentioned 
above is installed in a given refinery that previously 
used one of the other processes without accurate 
control, there will be considerable improvement in 
the product and reduction in cost. It may be noted 
as increased susceptibility, decreased corrosion, ete. 
This improvement is usually due to improved con- 
trol technique. 

In doctor treating and lead-sulfide treating, it is 
very important that treating be accomplished without 
the addition of excess elementary sulfur. This can be 
accomplished by the use of butyl mercaptan test 
procedure as described in the U.O.P. manual of 
laboratory test methods.** If sulfur addition is con- 
trolled to the minimum, there will be less tendency 
and possibly elimination of the formation of poly- 
sulfides that are so detrimental to lead susceptibility. 

Likewise, if copper chloride process is used there 
must be an absolute guarantee that copper com- 
pounds are not allowed to remain in the gasoline, 
forming metalo-organic materials that are very active 
catalysts for gum formation. Thus, it may be a fact 
that a change from one process to another results 
in improved products at less cost, but the truth is 
that improved methods of control of process are 
the chief reasons for the improvement—not the 
new process. 

We believe there is very little discussion needed on 
hypochlorite treating. Our experience has shown that 
hypochlorite treating is seldom effective for mer- 
captan content above .03. Also, it is obvious that 
hypochlorite treating would not be used on a cracked 
distillate due to the possibility of chlorinating the 
olefine and diolefine contents. 

Treating West Texas crude oils for mercaptan 
content will not necessarily need to change your 
methods of treating. However, it will change the 
degree and properties of everything about treating. 
Chemical costs will increase in proportion to the 
increased sulfur content. All constituents of a treat- 
ing process will need to be considered from the 
standpoint of increased efficiency. For instance, ! 
you are using a process where it is necessary to add 
air to furnish oxygen for one phase of the process, 
you will probably see that 10 to 20 times as much air 
will be needed for treating the materials of high- 
mercaptan content. This increased volume of air will 
add a new problem of vapor loss. It is difficult to 
compare treating costs on high-sulfur distillates with 
that of low-sulfur distillates.since there are so many 
variations in the actual type of product treated, but 
it is safe to estimate that the costs will be at least 
double the cost of treating so-called sweet disti!lates. 
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Sulfur Extraction Processes 


The manufacture of high-octane gasoline has 
brought into focus the effect of sulfur content upon 
increase in octane by the use of tetraethyl lead. 
Figure 3 shows the relationship and Hebyl suscepti- 
bility for straight-run and cracked gasolines of vary- 
ing sulfur contents. All types of sulfur compounds 
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have a tendency to decrease tetraethyl response to 
some degree. Of course, free sulfur in the elementary 
form as it might be found due to inadequate control 
of one of the sweetening processes or hydrogen 
sulfide which in any modern refining operation would 
never be found in a finished product, are the most 
detrimental to lead susceptibility, but sulfur in the 
form of mercaptans and disulfides is the usual sulfur 
compound present and thus most detrimental to the 
activity of tetraethyl lead. Therefore, a number of 
processes have been developed that remove all or 
portions of these sulfur compounds. Sulfur in the 
form of thiophenes fortunately is not nearly so detri- 
mental since it would be much more difficult to 
remove. Sulfur extraction processes can be listed 
as follows: 

1. Caustic scrubbing. 

2. Caustic scrubbing plus some type of activator to 

improve the efficiency of caustic scrubbing. 

3. Sulfuric acid.. 

t. Removal of disulfide by redistillation. 

Figure 4 has been so drawn as to emphasize the 
importance of removal of mercaptan sulfur com- 
pounds from gasoline. Please note that this figure 
refers specifically to the production of 7%2-octane 
gasoline, Notice that there are three curves represent- 
ing three different sets of data. A variation in the 
petroleum products tested should cause a definite 
Variation in the effect of small amounts of mercap- 
tans. Perhaps this accounts for the differences 
between the three curves. However, we believe there 
is a definite difference between the three curves and 
that the composite data is very useful in estimating 
the value to the refiner of any of the sulfur extrac- 
tion processes. 

Straight caustic scrubbing of West Texas gasolines 
is very effective. Caustic scrubbing by the use of 
special activating agents, such as potassium iso- 
bytrate or methanol, have been thoroughly described 
in literature.1* 1° Also, sulfuric acid is very effective 
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with West Texas gasolines. Incidentally, sulfuric 
acid has a very complex action upon petroleum dis- 
tillates, depending upon the strength of the acid and 
the quantity present. It actually has a sweetening 
action in some respects, changing mercaptans to 
disulfides. However, there are many other actions 
such as re-solutions of these disulfides and poly- 
merization, which together give effective treatment. 
Sulfuric acid treatment has been covered in detail by 
Waite and Aitken’ in recent literature. 

The fourth process listed above is not so’ well 
known; however, reference to it has appeared in 
literature several times within the last few years, By 
the use of any of the sweetening processes mercap- 
tans are converted to disulfides. In so doing, the 
boiling point is materially increased so that careful 
redistillation will leave the disulfides in the bottoms. 
Redistillation after acid treating performs the same 
function and provides effective sulfur removal. 


Vapor-Phase Treating 


One of the most efficient methods of treating high- 
sulfur distillates is by one of the many vapor-phase 
treatments using fuller’s earth, clay or bauxite as a 
catalyst. Most of these processes are accomplished 
at temperatures above 650. Therefore, the refiners 
are again faced with the problem of combating corro- 
sion. This corrosion is in all respects comparable to 
the corrosion in cracking operations. These vapor- 
phase processes are known by various trade names 
such as “Gray Process,”?’ s, a Process,”** and 
“Houdry.”*® One West Texas refiner reduces 
straight-run gasoline from a sulfur content of .2 
percent to below .05 percent by using a West Texas 
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clay as a catalytic agent.*° The removal of sulfur by 
one of these methods usually increases the clear 
octane number by at least two points. There is also a 
definite increase in lead susceptibility that gives 
another increase from 4 to 6 points in octane, depend- 
ing upon the quantity of tetraethyl lead used. Table 3 
shows the inspection of a West Texas gasoline before 
and after desulfurization. 


Maintenance 
If it were desirable to express the difference 
between operation on West Texas crude and Mid- 
Continent crude in one word, that word would be 
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TABLE 3 
West Texas Straight Run Gasoline 

ASTM Octane Number Undesulfurized | Desulfurized 
+0 cc TEL. : 5 61.8 64.3 
+1 cc TEL i 7m , 69.9 74.8 
+2cc TEL... “pe a 74.4 79.6 
+3 cc TEL.... . e 77.5 82.5 
ASTM Distillation, °F. 

4 eee ’ v 104 103 

5 Percent Evaporated. 138 137 

10 Percent Evaporated. i pa 161 160 

20 Percent Evaporated. . A 190 188 

30 Percent Evaporated. . ty 211 208 

40 Percent Evaporated. . a : 227 225 

50 Percent Evaporated. . i : 243 242 

60 Percent Evaporated. . 259 2 

70 Percent Evaporated. . : 277 276 

80 Percent Evaporated... - 297 297 

90 Percent Evaporated. . j : 326 323 

95 Percent Evaporated ¢ 346 342 

End‘Point.......... : 4s 380 381 

Recovery, Percent.... , 98.0 98.0 

Residue, Percent... . ie 7 0.5 0.6 

Loss, Percent........ 1.5 1.4 
 \ A See 7.05 6.90 
Gravity, °API..... a : : 56.3 56.3 
Mercaptan Sulfur, Percent. * 0.058 0.001 
Total Sulfur, Percent 0.149 0.019 
“a ° ” nm ° 

maintenance.” To treat the subject adequately 


would be a subject for another paper. Many specific 
points concerning maintenance were indirectly 
referred to above. However, it can be said without 
any possibility of contradiction, that every phase of 
maintenance will be higher, possibly two or three 
times the cost of the same phase of maintenance for 
sweet-crude operations. 

A larger and better trained maintenance personnel 
will be necessary. All inspections must be in more 
detail and will thus require more time and attention. 
Each oversight or mistake in inspection will be more 
expensive. The old axiom, “A stitch in time saves 
nine” is working in high gear during refining opera- 
tions on sour crude. 

Mechanics and machinists must not only know how 
to repair a given machine, but they must know 
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exactly what type metal the machine is compose: of 
and how to work with that particular alloy. The alloy 
metal in each pump rod will cost 12 times as much 
as a carbon-steel rod. 


One of the most critical needs will be the need for 
welders, with training and experience necessary to 
weld alloy steel. 


Thus, it is easy to see why successful operation 
on sour crude costs more and requires increased skill 
in the refinery management. As compensation for 
some of this increased cost is the truth that some of 
the resultant products are of better quality and give 
better performance than similar products manufac- 
tured from Mid-Continent crude. 
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Advantages of Large Diameter 





Crude Still Towers 


F. BRUMMERSTEDT, Mechanical Engineer, Foster Wheeler Corporation 


= has been a consistent increase in the size 
of distillation units installed in petroleum refineries, 
especially the vacuum towers. A study of the factors 
that justify the erection of larger towers is of interest. 

The largest tower in this countty, according to 
available information, is a 33-foot diameter vacuum 
unit used in conjunction with a crude still having a 
capacity of 37,000 barrels per day. Construction of 
such a tower presents engineering problems that may 
cause some speculation as to the relative merits of 
one exceedingly large unit as compared with two or 
more smaller towers which have the same total ca- 
pacity. 

here are definite economies to be made by the con- 
struction of large towers, and their use, as contrasted 
with multiple, smaller-sized tower units. As to the 
performance of the large size units, the 33-foot tower 
has heen in successful operation since May 1, 1943, 
and is yielding refinery products in accordance with 
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calculated expectations. Since this appears to be the 
largest vacuum tower in the country, it forms a basis 
for comparison in studying the economics of towers 
with increased diameters. 

With the experience gained from previous large 
towers varying from 18 to 25 feet in diameter, no 
problems were insurmountable in the design of the 
33-foot tower, neither will there be any in the design 
and construction of towers 40 feet or more in diame- 
ter. Many regenerator chambers approximately 40 
feet in diameter have been, and are being, constructed 
for fluid-catalyst cracking units. 

The API-ASME code committee has modified its 
stress-relieving requirements for large-diameter tow- 
ers so that it is now possible to build these vessels in 
the field without a mandatory furnace stress-relief. 
(See Par. W-463 in 1942 Addenda to the API-ASME 
Code.) This is a progressive movement to speed con- 
struction with present capacity shop conditions, As a 
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substitute for stress-relieving requirements, the fab- 
ricator can still get a code stamp on his large vessel 
through relieving stresses by mechanical peening as 
described in Appendix J of the new Code Addenda. 
This does not imply, however, that peening is in all 
cases a satisfactory substitute for thermal stress- 
relief. Thus, it is now possible for field welding crews 
to fabricate large pieces of equipment in the field in 
very short time from prefabricated pieces with a mini- 
mum of shop labor. Progress in the science of weld- 
ing, in addition to the large increase in the number of 
skilled welders, has resulted in many feats of welding 
construction during the present emergency that were 
not considered feasible several years ago. 

Another Code concession for large field-fabricated 
towers is contained in the new footnote under W-525 
of the Addenda, which allows the hammer test to be 
applied to vessels over 12 feet in diameter before the 
hydrostatic test, with the tower filled with air at at- 
mospheric pressure. This enables flagrant imperfec- 
tions in the welded seams to be discovered before fill- 
ing the vessel with water, and thus avoids the possi- 
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bility of cracks suddenly opening up and resulting in 
minor floods. 

The 33-foot diameter tower contained 58,000 cubic 
feet of water weighing 3,260,000 pounds during the 
hydrostatic test. Because of the new code provision it 
was not necessary to apply the hammer test during 
this stage. 

The code also allows the substitution of a pneu- 
matic test pressure of 10 percent in excess of the cal- 
culated allowable working pressure for large vessels 
not designed to support the weight of liquids. This 
permits construction which effects savings in steel 
and concrete for foundations and structural supports, 
as well as a saving in steel used in the construction of 
the vessel itself. However, many erectors prefer to use 
a hydrostatic test as a safety measure, as was the case 
for this tower. 

The actual savings in construction of one large 
tower as compared with two smaller towers of equal 
total fractionation (tray) area, is brought out by a 
direct comparison of the costs in each case. The 33- 
foot tower has a total tray area of 12,952 square feet. 
The net estimated cost of two 24-foot-diameter towers 
of the same height and having a total equivalent tray 
area is compared to the single tower in the following 
table: 

Comparative Cost 
ITEM ONE 33’ I. D. TOWER TWO 24’ I. D. TOWERS 








Tower Shell 800,000 # @ .15 $120,000 1,000,000 # @ .15 $150,000 

Tower Trays Or 

and Supports } 450,000 # 92,500 500,000 # 100,000 

Foundation 500 cu. yds. 20,000 700 cu. yds. 28,000 

Insulation 8,500 sq. ft. 10,000 11,000 sq. ft. 13,000 

Steel 

Platforms, } 20,000 Ibs. 3,000 30,000 Ibs. 4,500 

Ete. - - 
$245,500 $295,500 


This shows that the direct savings on the tower 
alone amounts to $50,000. In addition, there is a sav- 
ing on the auxiliary equipment required for the oper- 
ation of the second unit (of the two-tower unit) in- 
cluding such items as the pumps, heat exchangers, 
piping and instruments. This saving would equal ap- 
proximately the cost of the tower. In addition, a plant 
with only one tower would require a smaller ground 
area which would result in a more compact and effi- 
cient unit to operate, thus effecting a saving in opera- 
tion and maintenance expenses; Another. reduction 
would be in erection time, an item dependent upon 
the number of pieces of equipment installed. This con- 
servation of time alone probably would result in ad- 
vancing the completion date by one or two months 
over that required to erect the two-tower unit. At 
this war period when refinery products are at a pre- 
mium, any such saving is of even more importance 
than that of the direct reduction in cost. 

Taking all items into consideration, therefore, the 
total estimated savings obtained by using one 33-foot- 
diameter tower as compared with the installation 0! 
two 24-foot-diameter towers for processing approx! 
mately 50 percent of the crude charge would be about 
$100,000. This is exclusive of operation and mainte- 
nance expenses. 

This cost reduction of approximately $5.50 per bar- 
rel for 50 percent of the crude charge, immediately 
overshadows any uncertainty as to construction and 
operating difficulties and had an important bearing 
on the final decision to proceed. with the single large 
tower. 

The accompanying drawing and photographs indi- 
cate the result of decision to install the large tower. 
Wartime restrictions prohibit disclosure of the own- 
er’s identity and of the plan location. 
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New Uses for 


Solvent Processes 


GEORGE F. FITZGERALD 


¥ [E petroleum industry has adopted and perfected 
many processes during its development into a notable 
chemical industry. Typical of these are superfrac- 
tionation, alkylation, isomerization, hydroforming, 
catalytic cracking, solvent dewaxing and extraction. 
Most of these processes have undergone years of 
modification and evolution, culminating in their wide- 
spread acceptance by progressive refiners. Engineer- 
ing developments in the period immediately prior to 
the war have been very fruitful especially in the fields 
of cracking and lubricating-oil manufacture. 

This accumulated experience has controlled and 
directed the manner of solving problems brought on 
by war demands. Processes which have been serving 
one distinct purpose are being adapted to quite differ- 


ent use. Where a single process is inadequate, suitable : 


complementary methods are coupled with it. For 
many years high-purity light hydrocarbons have been 
produced on a large scale. Superfractionation made 
this possible but could not furnish the complete 
answer to the rubber program’s demand for pure 
butadiene. 

For polymerization with styrene to form Buna S, 
butadiene must be free from butylene and side- 
reaction products of the dehydrogenation of butylene. 
The boiling points of these products are so close 
together that fractionation alone will not effectively 
separate’ them. It is now apparent that solvent 
extraction processes are doing?*® the job and doing 
it well. As will be readily understood, wartime re- 
strictions make it impossible and undesirable to go 
into detail. Much can be said, however, about solvent 
processes in general and the methods which are 
applicable to production of high-purity chemicals 
from petroleum. A study of the subject will show 
that the principle is the same whether extracting 
lube oils or toluol. 

It is only natural, then, that past experience would 
suggest the use of solvents for purifying butadiene 
and toluol. The oil industry has enjoyed extremely 
gratifying success in its application of solvents to 
the improvement of lubricating oils. Here the prob- 
lem is to remove anywhere from 5 percent up of 
undesirable components. In this general sense wax 
and petrolatum rank with non-paraffinic hydrocar- 
bons as undesirables in high-grade lubricants. In 
other words, solvent extraction and dewaxing are 
both purification processes. 

The American petroleum industry has had the 
benefit of the country’s finest engineering talent in 
developing these solvent processes. Each new in- 
stallation is taken as an opportunity to make im- 
provements and to correct earlier errors: Anyone who 
has visited, for example, one of the early solvent 
dewaxing plants and then compared it immediately 
with one of late construction readily appreciates the 
difference. Close cooperation between refineries and 
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engineering contractors makes it possible to give 
everyone the benefit of the latest advances. Under 
such circumstances, solvent methods have become 
highly perfected. For the sake of completeness, lead- 
ing methods will be reviewed briefly. 

The earliest commercial extraction process em- 
ployed liquid SO, and was successfully applied first 
to kerosine and then to lube oils. No chemical re- 
action was involved because the operation depended 
entirely on physical solution and separation of the 
oil and its impurities. If the extracted impurities 
were blended back with the refined oil (or raffinate) 
the original charge stock would be reproduced. Such 
is not the case where chemical reaction takes place, 
as in sulfuric acid treating. 

One of the early improvements in the liquid SO, 
process was the addition of benzol. This increased 
the solvent selectivity range so that more types of 
undesirable components could be removed. The use 
of mixed solvents is common today in such processes 
as benzol-ketone dewaxing, duosol (cresylic acid- 
propane) extraction, and with added portions of 
water, the broad selectivity of phenol. 

Choice of solvent depends upon cost, availability, 
selectivity, adaptability to the particular charging 
stocks, stability and ease of recovery. A solvent must 
be selected which is suitable for the stocks to be 
handled and the equipment must be designed to give 
the equivalent of many stages of extraction. It is im- 
portant to remember that the right solvent will give 
better results if applied in separate small doses rather 
than all at once. 

All solvent extraction processes depend upon one 
general principle* of operation. Their purpose is to 
separate a mixture of different types of hydro- 
carbons. These types may be aromatic, naphthenic, 
paraffinic or any combination. Each type displays a 
different degree of solubility in a given solvent at a 
given temperature. By varying the temperature and 
the amount and kind of solvent, the extraction 
process can be made to work on almost any com- 
mercial stock. As we will see shortly, an under- 
standing of the general principles of solvent -extrac- 
tion simplifies its application to pure chemicals as 
well as lubricating oils. 

Countercurrent solvent extraction may employ 
single solvent such as SO,, chlorex, furfural, and 
nitrobenzene, or double solvents such as_ those 
already mentioned. Where a single solvent is used it 
is ordinarily one with a strong affinity for asphaltic 
hydrocarbons. Extraction is accomplished by pass- 
ing oil and solvent through the contacting system in 
opposite directions. The incoming charge meets sol- 
vent which is partly saturated with extract material 
but the outgoing partly-extracted oil meets the 
freshest solvent and thus gets maximum washing 
just before leaving the system. 

In the case of double solvents, they must be prac- 
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tically immiscible and one must have a strong affinity 
for paraffins, the other for non-paraffinics. They enter 
at opposite ends of the system, with the paraffin 
solvent entering where the non-paraffinic solution 
leaves. The charge oil is introduced at an inter- 
mediate point. For example, the Duo-Sol process, 
using propane plus a phenol-cresol mixture, operates 
in this way. The propane dissolves the. paraffinics 
and the cresol content governs the solubility for 
asphalts while the phenol content is adjusted to per- 
mit extraction at normal temperatures. Raw stock 
is charged at an intermediate stage so as to permit 
removing the paraffinic fraction at the point where 
the cresol is introduced. Likewise the non-paraffinic 
fraction is removed where the propane enters. The 
two phases are separated by gravity settling. This 
arrangement of counterflow makes for the most 
effective use of solvents and insures intimate contact 
without excessive agitation or danger of emulsions. 


A packed tower gives the effect of many stages 
which would otherwise require a battery of treating 
and settling tanks. Every effort is made, both in 
design and operation, to insure complete use of 
solvents and at the same time clean separation of 
raffinate solution from extract solution. The more 
valuable or scarce the charge stock, the more press- 
ing becames the question of clean separation. Desir- 
able as that is in the case of high-grade lubricating 
oil, it is of paramount importance in the wartime 
production of high-purity butadiene and toluene. 


Next in order after extraction and separation 
comes solvent recovery. It is at this point that many 
early designs and installations failed. The extraction 
must be thorough, and the separation must be clean, 
but without economical solvent removal an extrac- 
tion process cannot pay for itself. Factors involved 
are not only loss of solvent but also product degrada- 
tion and decreased throughput. 

In commercial plants the raffinate solution and 
extract solution go to different distillation units 
and the separated solvents return to the system. Both 
direct-fired heaters and closed steam are used in 
conjunction with flash towers and steam strippers. 
All steam condensate is collected and stripped of its 
solvent content. 

So far as published information goes, butadiene 
extraction is being conducted mainly with single sol- 
vents. Of the extraction agents used many are 
probably common industrial chemicals while others 
are much less familiar. At the Baton Rouge refinery’ 
a “special solution” is being used. Butadiene is pro- 
duced there from five separate plants. The one just 
completed is the first large government-financed 
plant to go on stream employing the so-called stand- 
ardized butene-dehydrogenation process. 

Isolated statements’ refer to the use of furfural 
and methyl cyanide as solvents for butadiene. By 
their use butadiene may be extracted from side- 
reaction products which would render it unfit for 
polymerization to form synthetic rubber. Demon- 
strating that well known solvents can be given new 
application, turpentine® is a very effective butadiene 
solvent. The impure butadiene mixture is scrubbed 
countercurrently in a tower packed with petroleum 
coke. The turpentine enters the top of the tower, 
drops through the ascending charge in the form of a 
spray and extracts the butadiene during the passage. 
The unabsorbed gases are used as fuel and the 
butadiene is readily recovered from solution by dis- 
tillation and the turpentine recycled. 
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A novel extraction medium is described in a recent 
patent.® Diolefins such as butadiene are removed 
trom hydrocarbon mixtures by extraction with a com- 
plex solution of a copper salt such as cuprous 
chloride, in a water solution of an organic nitrile such 
as acetonitrile. Ethylene glycol or similar solvents 
may be substituted for water in the mixture. Extrac- 
tion takes place at 50° F. after which the enriched 
solvent is heated to 160° F. to distill off the buta- 
diene. The solvent is said to be capable of absorbing 
t cubic feet of butadiene per gallon at 50° F. 

The purification of chemicals from petroleum need 
not be limited to solvent processes already in use in 
refineries. A case in point is the peculiar operation 
known as azeotropic distillation. It has been used for R 
many years by the wood chemical industry’ to 


produce pure acetic acid. Butyl alcohol is added to m 
the dilute acetic acid. On heating the butyl alcohol at | 
and water distill over as a constant boiling (or mel 
azeotropic) mixture, leaving concentrated acetic acid ag 
in the still. When the still vapors are condensed two the 
layers are formed from which the alcohol can be at t 
recovered by redistillation. : 1 
This same principal can be used in effecting almost 
complete separation of pure toluene from petroleum cig 
fractions. Among the many solvents suitable for the tor 
purpose are methyl alcohol, ethyl alcohol, methyl and 
cyanide and methyl ethyl ketone. The latter is the but 
well known chemical used with benzol in solvent dur 
dewaxing. In the production of toluene or any other bej 
aromatic from petroleum it is first necessary to con- “a 
centrate the desired chemical into a narrow cut by dee 
fractionation. When the proper azeotrope former is eacl 
added to the cut containing paraffins, naphthenes, A 
and aromatics it forms constant-boiling mixtures” pip. 
with all three but the aromatic mixture will have the 
highest boiling point. After the paraffins and naph- the 
thenes have been distilled off, the solvent can be sur’ 
recovered from the overhead and bottoms by extrac- dov 
tion with water, in which it is soluble. The solvent unit 
is then distilled from the water and recycled. par 
Most of the details of actual processes in current A 
use for the production of pure chemicals such as ; 
butadiene and toluene will remain unpublished until ool 
after the war. Obviously such important wartime pas: 
secrets cannot be made public. From what has ap- part 
peared in the literature, it is evident that large-scale sam 


production of pure chemicals from petroleum will 
continue on a permanent post-war basis. There is 
even some discussion as to its probable effect upon 
the coal-tar-products industry. It is clear also that 
the use of solvent methods in petroleum refineries 1s 
due for continued expansion. 

The demands of war for all petroleum products 
with special emphasis on high-purity chemicals has 
greatly expanded the field of solvent processes. It 
has become necessary to make thousands of tons of 
butadiene and toluene where little or none was made 
before. The petroleum industry accepted the responsi- 
bility and is discharging it. The success of the pro- 
gram has depended to a very great extent upon the 
use of solvent extraction. 
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Automatic Waste Oil 





Skimmer 


i csaridretsic the last trace of oil from waste 
leaving the yard of Continental Oil Company’s plant 
at Wichita Falls, is accomplished by a three-compart- 
ment basins. All refinery waste, except residuum with 
a gravity approaching that of water, passes through 
the apparatus. It is of concrete construction and built 
at the head of natural drainage in the plant yard. 

The largest basin is 10 feet wide, 25 feet long and 
eight feet deep and is itself divided into three sec- 
tions. The second basin is for receiving skimmed oil 
and is equal in length and depth with the first section 
but only four feet wide. The third section is a bail 
flume, attached to the outlet of the main section, 
being 20 feet long and 30 inches wide and 40 inches 
deep. It likewise is divided into three compartments, 
each with a removable screen. 

A system of plant drains empties into a common 
pipe line that in turn enters the first compartment of 
the skimmer. Instead of emptying directly on the 
surface of the liquids, the pipe is equipped with a 
downcomer that reaches almost to the floor of the 
unit, so heavy material is deposited in the lowest 
part. 

All fluid rises from the floor of this compartment 
to flow over a low retaining wall which prevents 
passage of the heavy foreign matter, into the second 
part of the compartment. The next wall rises to the 
same height as the walls of the unit itself, but has a 





The weste skimmer at the Wichita Falls plant of Continental Oil 


®mpany is placed so as to get the advantage of natural yard 
drainage. 
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relief passage to permit flood waters to pass with- 
out overflowing. The lower end of this wall is slotted 
to permit only water and entrained oil to pass to the 
next compartment. The principal separation of oil 
from the waste water is obtained in this compart- 
ment, but, obviously, some of the oil will be carried 
further. Baffle walls, and compartment divisions are 
carried out further and at the end of the unit, only 























The first compartment, showing split pipe across the body of waste to 
remove skimmings. The horizontal suction swing is used for removing 
all material when the unit is being cleaned. 
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water rises from the bottom, to flow to the third see- 
tion of the unit. 

Skimming devices are placed across the three com- 
partments of the main section to remove the oil as it 
accumulates on the surface of the water. The skim- 
mers are made by splitting convenient lengths of 
light 8-inch pipe to form a trough. One end is closed 
with a flat weld, and is supported in the surface of 
the liquid with a trunnion bearing in the concrete 
wall. The other end is closed with a flat plate, into 
which a 4-inch nipple is welded which is screwed 
lightly into a collar attached to a nipple passing 
through the wall which divides the main section 
from the section provided to receive the skimmed oil. 
Long control handles are welded to the skimmers so 
that they may be rotated back and forth, to allow the 
oil to be skimmed from the surface, and at the same 
time allowing the oil to flow to the oil section. 

The third section, provided with screened doors, 
effectually prevents the rainbow from leaving the 
unit. Up stream from the screens, a handful of straw 
is dumped as frequently as necessary; oil which 
passes through the skimmer adheres to this straw. 
The clean water passes through the screens, and 
flows to the natural surface drainage to be disposed 
of through natural forces. 

A motor-driven reciprocating pump is set on a 
concrete slab at the upper end of the unit to evacuate 
the compartments of oil, water and foreign matter. 
A manifold is set up with swings entering each 
compartment of the main section, controlled with 
gate valves so the unit may be drained and cleaned 
as found necessary. The same header is equipped 
with a suction line entering the oil section so that 
the skimmed oil may be pumped back to the plant. 

A water line terminating at the side of the main 
section is equipped with hose and nozzle to flush 
down the sides and keep the equipment clean. 


The tail flume (left) is fitted with removable screens. Upstream 
straw is kept in place so as to retain any minor traces of oil. 


The dividing wall (below) later was provided with a hole 
to relieve the excessive flow of water during rains. 
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Response Ability of Gasoline to 
Various Concentrations of 


Tetraethyl Lead 


REUBEN G. LOVELL 
Development Engineer, Hancock Oil Company of California 


= is an expression, composed of but two 
good English words, which, when used as it usually 
is, is considered to be an inane, slang phrase, not to 
be used by intelligent people. It is the contention of 
the writer, however, that the expression, “so what?” 
should be used to point up the analysis of every sci- 
entific fact, no matter how presented, nor by whom. 
Unless one can answer the question to his own satis- 
faction and to fit his own needs, the knowledge of the 
fact is of little practical value to him. 

An enormous amount of research work has been 
done to determine the susceptibility of gasoline to the 
action of tetraethy! of lead but little has been done to 
answer satisfactorily the so whats? of the problem. 
For example, we have been told that sulfur in reason- 
able amounts was not, in itself, particularly harmful 
in motor gasoline ; that the chief objection to its pres- 
ence was the fact that greater amounts of Ethyl] fluid 
were required to attain a given octane number. It is 
now generally known that some of the sulfur com- 
pounds are knocking compounds and that their re- 
duction to a low percentage increases the lead re- 
sponse of the gasoline in a greater degree than has 
heretofore been considered feasible. 

The objective has been to set a method of evalu- 
ating the knock tendency which would conform close- 
ly to actual road service conditions. Admirable as 
was the objective and in spite of the amount of ardu- 
ous and expensive work done, thus far no definite 
correlation has been established between laboratory 
results and the reports of drivers of various cars 
under actual road conditions. The writer has better 
reasons than most for making the statement that the 
task was as hopeless as the effort to win an argu- 
ment with a member of the gentler sex. For, so long 
as we have aspirated internal combustion gasoline 
engines powering our automobiles and being driven 
by some 25,000,000 people, most of whose impulses 
are under the influence of the go-getter school of 
thought, we shall be unable to evaluate accurately 
the characteristics of the fuel for these engines. 


Application of Some Practical Methods 
to the Problem 


Some years ago, with the idea of arriving at a more 
complete knowledge of the relation between gasoline 
characteristics and performance under all service con- 
ditions, we worked out the instrumentation shown in 
Figures 1 and 2. Let no one think that the project 
was as simple as would appear from the picture of 
the instrument panel. The idea, having no precedent 
i practice, had to be carried through the inevitable 
tlumber of mistakes which, however, were accom- 
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ae is the author's first con- 
tribution to the columns of 
Petroleum Refiner and he feels 
that a brief outline of his pur- 
poses is in order. 

From a background of many 
years experience he determined 
some time ago that he could 
best serve the readers of the 
refinery magazine by confining 
his writing to interpretations of 
the fundamental laws of science 
and “of the many evidences of 
them which we all encounter in 
our every day work. The de- 
velopment of new scientific 
laws, or the repeal of the ex- 
— — rst well - left in 
the hands of men of greater 
R. G Lovell erudition but perhaps lesser 

practical experience, 

He expects to comment from time to time, on the trends in 
refining practice as they come under his observation, with the 
hope that such comments will be of some value to men responsible 
for forming refining policies. 

















plished on another and less costly car than the “lop- 
ing laboratory” illustrated. 

No means of registering knock intensity was found, 
however, which was more satisfactory than the 
trained ear. Nor would such a device have been of 
great value as one would think for, strangely enough, 
when the car was operated according to the indica- 
tions of the exhaust gas analyzer, tachometer and in- 
take manifold vacuum gauge, there was no percep- 
tible kneck under any ordinary road condition except 
at the point where the spark advance leaves speed 
control and goes under vacuum control. There is no 
difficulty in avoiding this point if one makes intelli- 
gent use of the gear lever and guides gear changes by 
tachometer, not by pride in the ability of his car to 
pull in high gear. The loping laboratory is equipped 
with automatic overdrive, careful use of which has 
been very effective in bringing out these points. 

To relate a case in point will help to clarify the 
proposition and definitely is not a departure from the 
subject of this article, inasmuch as it is good evidence 
in support of the statement that our best efforts can- 
not hope to evolve an altogether satisfactory scale for 
evaluating motor gasoline which will hold good when 
the gasoline is placed in the tank of an automobile 
and used in an aspirated engine manipulated by that 
vague individual known as the average driver. 

There is a stretch of well-engineered and well- 
paved highway some 6 miles in length from La Can- 
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ada up Mt. Wilson in Southern California which of- 
fers an ideal proving ground for this purpose. The 
route is so well engineered that the grade is almost 
uniform for the entire distance. The grade percent- 
age is such that a speed of 35 miles per hour can be 
maintained even in overdrive, but the intake mani- 
fold vacuum hovers between 0 and 3 inches, and an 
audible click from the engine can be heard almost 
constantly. The same route when covered under ex- 
actly similar conditions, except that conventional 
drive is used, gives vacuum readings of 7? inches and 
no ping. With overdrive the tachometer indicated en- 
gine revolutions per minute just within the econom- 
ical speed range of the engine as determined by the 
designers, while with conventional gear ratio the en- 
gine revolutions per minute were practically in the 
center of that range. 

Until the advent of the fluid power transmission 
devices, automatic overdrive was a popular adjunct 
and the driver of a car so equipped and covering this 
same route would, more than likely, have the over- 
drive in service. Upon leaving the main Foothill 
Boulevard at La Canada he would find that, in spite 
of the sharper grade, satisfactory speed could be 
maintained simply by using greater throttle opening. 
He would, however, be acutely conscious of the en- 
gine knock. If there is anyone who thinks that he 
would give any consideration to the thought that he 
was abusing his engine by using the overdrive gear 
ratio under the stated conditions, that person does 
not know the average automobile driver. The driver’s 
only reaction would be the conviction that the gaso- 
line in his tank was of inferior quality. The simplest 
and most effective answer to his complaint is the ad- 
vice to use Ethyl gasoline. Tests with Ethyl gasoline 
over the same route and under identical conditions 
showed slightly improved vacuum and absence of 
ping, but exhaust gas readings were practically the 
same as with regular gasoline. This does not alter the 
fact that he is still wasting gasoline and abusing his 
engine by operating until a low engine revolutions per 
minute. When in overdrive the analyzer held around 
8% to 1 while; when operating in conventional, the 
mixture leaned off to approximately 12% to 1. This 
differential was closely reflected in the gasoline mile- 
age, some 17 percent better in conventional. 

All of the foregoing is well known to automotive 
engineers and all of it could be made clear to the av- 
erage person, but such discussion is outside the ex- 
pressed scope of this article. We are hoping only to 
demonstrate that, as long as automotive vehicles are 
designed as they are and built as well as they are, 
there is little chance of developing a satisfactory 
measure of gasoline performance which can account 
for even a small part of the vagaries of their drivers. 


The Standard Octane Scales 


After much travail, certain methods have become 
more or less standard for measuring the probable 
knocking tendency of gasoline. Each of the methods 
is designed to a specific objective and, so long as 
these objectives are kept in mind, the present meth- 
ods serve the purposes for which they are intended. 
‘When use of them is made, however, for commercial 
purposes the results are never satisfactory. While 
each method is different in details of determination 
the fundamental principle or measure is the same and, 
while most refinery men are familiar with the prin- 
ciple and the procedure, a restatement is in order. 

The octane number of a motor gasoline is deter- 
mined by matching it against a mixture of materials 
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called reference fuels which have characteristics es- 
sentially identical with the pure hydrocarbons, hep- 
tane and iso-octane. The matching is done in a spe- 
cial test engine under specified test conditions and is 
carried on until a mixture of the reference fuels is 
found which produce the same degree of knocking in 
the engine as the gasoline being tested. The octane 
number of the gasoline is, then, the percent of iso- 
octane equivalent in the pseudo iso-octane-heptane 
mixture. For example, a gasoline rating 65 octane 
number is equivalent in its knocking characteristics 
to a mixture of 65 percent iso-octane and 35 percent 
normal heptane. Thus, by definition, normal heptane 
has an octane number of zero and iso-octane has an 
octane number of 100. It is pertinent to remark, at 
this point, that the current headache of the experts 
in this procedure is to devise a method which will ac- 
curately measure the octane number of some of the 
newer aviation fuels which actually exceed iso-octane 
in resistance to knock, 

The ASTM method, D-357-39, is the standard meth- 
od of the American Society for Testing Materials and, 
in the opinion of the writer, is the only method which 
should be used by anyone except technicians. It was 
adopted as standard in 1939, although it had been used 
as a tentative standard since 1933. Prior to that time 
it was known as the CFR Motor method and was 
based on the results obtained by the CFR Committee 
in the summer of 1932 during five weeks of coopera- 
tive road tests at Uniontown Mountain, Pennsyl- 
vania, and was followed by weeks of laboratory tests 
at the Waukesha Motor Company. 

The CFR Research method (1939) was developed 
by the CFR (Consolidated Fuel Research) commit- 
tee primarily for research purposes and was adopted 
in its present form in 1940. It is an outgrowth of the 
old research method developed during the early days 
of knock testing and was used as the standard knock- 
test method for nearly two years prior to the adoption 
of the CFR Motor method in 1932. For simplicity, the 
term research is generally used. As has been previ- 
ously stated, the method has no general commercial 
application and is used by technical men as a measure 
of the proportion of unsaturates, particularly of the 
aromatic and olefinic types, in the gasoline. 

In general, each method gives a different octane 
value for a given fuel, but there is no constant differ- 
ence between the two methods for all types of fuels. 
With few exceptions, the Research method gives the 
higher ratings. The following octane numbers on 
three types of gasoline—(1) a typical leaded blend of 
straight-run and cracked, (2) a non-leaded cracked, 
and (3) a highly leaded straight-run—illustrate the 
results obtained by the two laboratory test methods. 














METHOD 
FUEL No ASTM | Research 
‘RES L PARE NGA DNS ARM 75 80 
edie tic ey Rie A a RRR 73 81 
Be ree eaee int ye Syst esc. 78 78 
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Aviation gasolines for aspirated engines are rated 
in the laboratory by the 1-C method which has been 
adopted as a standard for this purpose by ASTM. An 
additional test method, known as the 3-C method, has 
since been brought out and has come into use for 
testing gasoline intended for use in supercharged en- 
gines. The conditions of the latter method are to be 
regarded as not for general publication for reasons of 
military security. The operating conditions of the 
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FIGURE 1 


Where some of the readings originate : 
other laboratory knock rating methods are as follows 




















METHOD 
ASTM | Research ig 1-C 
Engine speed, rpm... . 900 600 | 1200 
Mixture temp., °F. os 300 125 220 
Coolant temp., °F. 212 212 374 
Spark advance, deg. btc 20 | 13* 35* 
Method of measuring knock intensity} Bouncing pin} Temp. plug 
* Fixed, not varied with compression ratio. 


Effect of Initial Octane Number 
Figure 5 shows how lead response is affected by 
the bare octane number of any stock. The graphs are 
entirely relative but can be used for comparison be- 
tween any two or more stocks by using the lead sus- 
ceptibility slope numbers on the right vertical line or 
making additional numbers as required, by project- 
ing intersecting lines between octane numbers as de- 
termined by laboratory test. Do not, however, place 
too much stress on this valuation alone, for develop- 
ments in catalytic cracking, superfractionation, alkyl- 
ation and more accurate blending during the past 
few years have rather overshadowed the importance 
of initial octane number in evaluating a base stock 
lor lead susceptibility. 
Just a glance at the following 
lorce of the last statement. 


table will indicate the 








| ASTM Octane Number 


—_—. 





| 
Iso butane 100 
Normal butane | 92 
Iso pentane. ; 91 
Norm mal pentane. .........................-.--. 64 








The Combined Effects 

Figure 6 gives the complete results of a series of 
tests which have recently been completed. The entire 
project had certain definite objectives and was not 
origin. me intended for any purposes other than our 
own, but the results seemed so outstanding that it 
was decided to make them available to the refining 
industry. It should be noted that the gasolines were 
ill from straight-run distillation and mild thermal 
tracking of Long Beach Harbor crude of approxi- 
mately 26 API gravity. 

The results of other investigations are shown in 
succeeding graphs taken from a paper, “A Refiner’s 
Viewpoint on Motor Fuel Quality,” by Holaday and 
Happel of Socony-Vacuum. Oil Company, and pre- 
‘tnted before S.A.E. annual meeting in 1942. 

The objective of this article will have been entirely. 
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missed or, shall we say that satisfactory answers to 
so what? will not have been found, unless the graphs 
are discussed from the angle of each of the sub-titular 
functions. We realize that the proposition is extreme- 
ly complicated since each of the functions is affected 
by one or more of the others, either as a deterrent or 
as an accelerator. The objective is certainly worth- 
while and its attainment is a dual responsibility of the 


‘man who presents the discussion and the men who 


read it. The writer joins the editor in the hope that 
others will join in the discussion of the matter by 
articulating their voices of experience in the columns 
of THE PETROLEUM REFINER. 

For any of the readers who have had steam power 
experience, conception of the rather complex problem 
will be simplified if it is compared with the job of 
taking indicator cards from a large, compound, con- 
densing, Corliss steam engine and adjusting the valve 
motion of the engine from a study of successive cards. 
Anyone who may have been fortunate enough to have 
had this experience, either as a part of his college 
career, or in actual operating experience, will realize 
the similarity between the two jobs inasmuch as 
both, necessarily involve consideration of the effect 
of any changes made in any one or more items upon 
all the other details and, consequently, upon the 
whole. 


Analysis of Stocks Derived from Certain 
California Crudes 

It will be seen by study of Figure 6 that these tests 
are not altogether complete but they were adequate 
for our needs at the time the study was made. It is 
suggested that other investigators may have covered 
stocks, blends and specifications of wider range and 
could, therefore, add materially to the general knowl- 
edge of the subject by submitting their results. Since 
our objectives were concrete, rather than abstract, 
we wasted no time in running tests on stocks which 
were outside specification range for motor fuel. For 
example, if the stock did not meet volatility specifi- 
cation it was brought to proper front-end volatility 
by blending with it the required amount of natural 
gasoline of 21-22 R.V.P. which had an average ASTM 
octane number of 74. This relatively high octane num- 
ber, it should be noted, is due, not only to certain in- 
herent characteristics of the crude petroleum whence 
it came, but, further, because its rather high vapor 





FIGURE 2 
Cab and instrument panel of the Loping Laboratory 


{323} 99 




























































TSR 


© oe AES 


ek A | = ease Mes 


SES DO eR REE ce Ath a in Ae ARR ar Ss 


pressure indicates a considerable proportion of iso 
butane of 100 octane number. 

Stocks Nos. 4 and 2 are base stocks except for the 
natural gasoline added for volatility correction. The 
natural gasoline runs very low in sulfur, which tends 
to reduce the total sulfur of the blend by dilution. 
No. 4, the straight-run material of 400 end point, re- 
ceived no chemical treatment other than a rather cas- 
ual contact with clay. The natural gasoline required 
no treatment of any kind. After volatility correction 
the stock had a bare ASTM octane number of 68.8 
which was increased 7% numbers to 76.3 by addition 
of 1 cc. per gallon of tetraethyl lead. Note now how 
the angle of the curve undergoes change from 1 to 2 
ce. per gallon, where the octane number rises only 4% 
with the addition of another cubic centimeter of tetra- 
ethyl! lead. Still further loss in lead response with the 
addition of a third cubic centimeter, gaining only 2/% 
numbers. From bare to allowable tetraethyl lead we 
have jumped the ASTM octane number 14.4 numbers 
and have demonstrated that, in spite of the rather 
high end point, we can produce a high-quality, regu- 
lar-grade gasoline without expensive chemical treat- 
ment and with the use of only 0.5 cc. per gallon of 
tetraethyl lead from a full straight-run stock distilled 
from this particular crude. This is due to the low sul- 
fur content of the fraction and certain other charac- 
teristics inherent with the crude of the limited area 
of the specified field. The same cut, when given 2 cc. 
of tetraethyl lead, shows a fairly good Ethyl gasoline 
and when the allowable is used the result is a mark- 
edly superior quality of Ethyl. 

When the end point of the same stock is cut at 370 
degrees, instead of 400 degrees, we find that the sul- 
fur content has been cut nearly one half, even with 
a somewhat lower natural gasoline addition. In this 
connection, it may be said that the percentage of nat- 
ural gasoline used was that necessary to bring a 10 
percent point of about 140 degrees. When comparing 








the lower end point straight-run fraction with the 
No. 4, it should be noted that the bare octane num- 
ber of the No. 2 stock is % number higher than the 
400-end point fraction and that this differential js 
maintained almost uniformly on through to the 3 ce. 
concentration. It should also be observed that the 
Research method, which was run at 3 cc., is only 13 
number ahead of the ASTM result. This is a ch: irac- 
teristic of straight-run gasoline. It also seems difficult 
in face of these figures to justify cutting to the lower 
end point with its consequent loss in recovery ; that 
is if the sulfur content can be held to a point below 
0.10 percent. 


Lead Response of Other Straight-Run Gasolines of 
Different Crude Sources and Varied 
Distillation Ranges 


As has been previously pointed out, not all gaso- 
lines have equal tendencies to knock even when one 
or more of their specifications are equal. For exam- 
ple, a straight-run gasoline of given distillation range 
from some one particular field may have decidedly 
better anti-knock characteristics than one of identical 
boiling range and from a crude of perhaps the general 
classification as to gravity and type. A parallel of this 
condition is found in the lubricating oil cut from 
crude of different types and sources. 

Nor are these variances equalized when either the 
heavier overheads or the residuals are cracked. In 
fact, even more differences develop and from different 
causes. In a generic sense, however, pressure distil- 
lates produced by, say, mild thermal cracking will 
show somewhat the same general bare octane num- 
ber as well as equal lead susceptibility if other of their 
specifications are fairly close together. A comprehen- 
sive survey of all the curves shown with this article 
leads one to a safe, general conclusion; presence of 
branched chain and/or ring compounds together with 
very low sulfur content have a greater over-all effect 
of increasing bare octane number and bettering the 


FIGURE 3 
Standard CFR Knock Test- 
ing Engine for Motor 

line. 
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lead response ability of the gasoline than any others 
of the characteristics. 

For a comparison between straight-run gasolines 
from Long Beach Harbor field and from other fields 
refer to Figures 7 and 8. The comparison will show 
that, while naphthenic-base crudes generally produce 
straight-run gasolines of superior octane number and 
better lead susceptibility, the average is considerably 
below the results of our tests on the specific crude 
described. Figure 8 shows clearly the advantage of 
narrow boiling range, particularly in the low end 
points. It will be interesting to make a hypothetical 
equal-proportion blend of the three lowest boiling~ 
range stocks shown and observe that the blend would 
have characteristics practically equal to those of the 
gasolines used in our Nos. 2 and 4 tests shown in 
Figure 6. Or, in practice, if the three fractions were 
combined in one tower overhead by refluxing, the 
result would be the same. A part of this seeming 
strange condition can be credited to better lead re- 
sponse due to low initial octane number and a part to 
the larger proportion of the iso or branched-chain 
compounds are found in the low-molecular-weight 
hydrocarbons. Note the effect of low initial octane 
number in the heaviest stock shown in Figure 8 by 
observing that the addition of 1 cc. of tetraethyl lead 
toit raised the octane number some 23 numbers, while 
the same amount of lead added to the lightest stock 
with highest initial octane number raised its octane 
rating only about 11 numbers, or less than half as 
much. 


Study of Some Cracked Stocks 


Study of results from stocks 3 and 5 in Figure 6 
points out some interesting comparisons. Sulfur con- 
tent is practically equal but the No. 3 sample had 
lower end point and had not required natural gasoline 
to bring its 10 percent into line. The ASTM octane 
number of the bare and lower end point material is 
seen to be 2%4 numbers better than the 400-end point 
stock, but this spread drops to 1.3 numbers at a 1-cc. 
tetraethyl lead addition, 1.1 at 2 cc. and at full concen- 
tration there is but 0.3 numbers difference. The point 
here is that, while the lower end point was effective 
without tetraethyl lead, this advantage was overcome 
with increasing amount of lead, which conforms to the 
tule of better lead response with lower initial octane 
number, 

It should_ now be interesting to observe the wide 
spread between the results shown by ASTM and Re- 
search methods when the stock is 100 percent cracked. 
The 400-end point stock, at 3 cc. per gallon showed, 
by the Research method, an improvement of 6.7 num- 
bers, while the differential with the 370-end point ma- 
terial was 8.2 numbers. Straight-run stocks of same 
end point but with inherently low sulfur showed 
spreads between the two methods of only 1.3 and 0.9 
respectively. Note also that even the slight spread 
between the two straight-run stocks under the ASTM 
method, disappeared entirely with the Research Meth- 
od. The outstanding figure in the whole set of graphs 
is the remarkable showing, by the Research method, 
ot the 370-end point cracked stock, the sulfur content 
ol which had been reduced below 0.10 percent. A Re- 
search octane number of 90 is not to be casually dis- 
missed 


Thermally Cracked Stocks from Other Sources 


Figures 9 and 10 show results had with thermally 
tracked stocks from other sources, probably mixed 
ase. No information is available on the sulfur con- 
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Courtesy Ethyl Corporation 
FIGURE 4 
CFR Knock Testing Engine with Ice Tower Humidity Control for 
Aviation Gasoline. 


tent of these cuts. Figure 9 indicates that both the 
original ASTM octane number and the leaded re- 
sponses are somewhat below the figures for the naph- 
thenic-origin fractions. It should, however, be noted 
that, by the Research method, the 3 cc. response was 
better, probably due to the lower sulfur. Figure 10 
serves to point up something which has heretofore 
been brought out by several investigators, that is; 
that end point is not as important a factor in control- 
ling lead response of a cracked gasoline as it is of a 
straight-run. Obviously, if the lower three of these 
cuts were combined in one, the result would be a sat- 
isfactory Ethyl gasoline of perhaps 325 end point, 
which is somewhat higher with consequent better re- 
covery than with straight-run gasoline from the same 
type of crude. 


Response Ability of Blends of Straight-Run 
and Cracked Stocks 

Since petroleum oils and gases are highly complex 
materials, composed as they are of perhaps hundreds 
of hydrocarbons and groupings thereof, many of 
which are of different molecular structure and chem- 
ical composition, it follows that efficient petroleum 
processing involves many different methods and the 
products of many of these processes must, inevitably, 
be blended with the products of some of the other 
processes to produce finished materials. Therefore, 
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consideration must be given to this inevitability in 
any evaluation of the characteristics of the marketing 
blends. 

We have seen how various characteristics of both 
straight-run and thermally cracked gasolines affect 
their ability to resist knocking and ability to respond 
to addition of lead in varying amounts. Now let’s ex- 
amine the results when a blend of the two is subjected 
to tests. The sulfur content of one of the blends was 
reduced to a point which would result in a figure of 
0.25 percent when blended with the low-sulfur 
straight-run and natural gasolines. The figure of 0.25 
percent is more or less representative of regular motor 
fuels. For the other blend, sulfur was reduced to 0.65 
percent. 


. 
| 





Since, as has been stated, motor gasolines usuizilly 
are blends, a graphic summation of the results of our 
tests is shown in Figure 11. This will bring out more 
clearly than any number of words the pertinence of 
the results. Values by Research method are omitted 
since they would add nothing of practical value to 
this part of the discussion. The chart is not a repeti- 
tion of Figure 6 only inasmuch as the same values are 
used ; its scale is larger in order that the desired points 
may be properly emphasized. The reader is reminded 
that all figures are from actual tests, but that they 
cannot safely be assumed for any other crude or other 
cracking conditions than those specified. The sole 
idea was to set up a standard for guidance in seeking 
answers to the so what? of the problem as it applies 
to one’s own needs and conditions. In analyzing re- 
sults obtained by extreme sulfur reduction the reader 
should know that the reductions were made by lab- 
oratory methods using alkylation-spent sulfuric acid 
and conventional neutralizing and sweetening proc- 
esses and materials. The amounts of acid used per 
unit of stock treated are not given since they would 
only be misleading. For the extreme reductions the 
amounts used would not be economically justifiable 
under past conditions and with past methods. 


Characteristics of the Blend When Low-Sulfur 
Cracked Stock Is Used 

First, it should be observed how steep is the lead- 
response curve for the straight-run part of this blend. 
It has the lowest clear octane number but with 1 cc. 
of tetraethyl lead it has passed all others except the 
low sulfur blend, while at 2 and at 3 cc. it has gone 
higher than any of the others. Technically then, it is 
the best stock to use for the premium grade of gaso- 
line. In fact, as has been previously pointed out, it 
would be the most economical for the regular grade 
from the angle of low tetraethyl lead requirement. But 
there is a pesky “iffie” gremlin which sings out that 
there is not enough of this grade of stock or enough 
of this type of crude from which to distill it. And that 
is that. Nor will the situation be changed completely 
with dimunition of military demands for 100-octane 
aviation gasoline. It is entirely true that some of the 


Lead Response for Various Refinery Stocks 
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Legend: volatility correction. Sulfur 0.04 percent. End point 370. 


M = ASTM Motor Method. 

R = 1939 Research Method. 

1 = 60 percent each cracked and S-R End point 370. Sulfur 
0.25 percent. 

1-LS = same except sulfur reduced to 0.065 percent. 

2= 100 percent S-R with 14 percent natural gasoline for 
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3=100 percent cracked. End point 370. Sulfur 0.36 per- 
cent. 

3-LS = same except sulfur reduced to 0.075 percent. : 

4=100 percent S-R with 18 percent natural gasoline for 
volatility correction. Sulfur 0.07 percent. End point 370. 

5 = 100 percent cracked with 10 percent natural gasoline 
for volatility correction, Sulfur 0.38 percent. End point 400. 
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products of alkylation, superfrac- 
tionation, catalytic cracking and 
other processes will be available 
for motor gasoline after the war; 
but whatever these amounts are, 
everyone can be assured that 
none of it will be available for 
use in compounding a motor fuel 
of less than 90 octane number. 
Therefore, we shall still be faced 
with the problem of reducing sul- 
fur of thermally cracked gasoline 
to such point that it can econom- 
ically be used in gasoline of to- 
day’s Ethyl specification. 

When we blend this high-grade 
straight-run stock with cracked 
material of such sulfur content 
that the blend runs about 0.25 
percent—which is the figure 
which has commonly been con- 
sidered as acceptable—we end up 
with a gasoline with the lowest 
lead susceptibility of any of those 
tested. Rather expensive response 
ability, is it not? 


The writer feels that he has called attention to a 
sufficient number of detailed and obvious observa- 
tions and now invites his readers to pick up the low- 
sulfur-blend curve and let each one see what he makes 
out of it. The results and implications are there, plain- 
ly to be seen, so that he who runs may read, but his 
reading will be of limited value if his vision is myopic. 

The old order changeth. No refinery man can afford 
to dodge the clear implications of the definite trend 
toward higher standards of quality for motor fuel. 
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Octane numbers and tetraethyl lead 

susceptibilities—thermally cracked gaso- 

lines (400° F. end point gasoline from 
Mid-Continent gas oil.) 
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Nor will he be doing any more 
than deluding himself by defining 
the trend as a temporary condi- 
tion brought about by the de- 
mands of military aviation. Mili- 
tary necessity has forced us to do 
the things which have, heretofore, 
been considered as impracticable 
because of commercial necessity. 


Catalytic cracking has played a 
very important part in producing 
this high-octane gasoline and will 
continue to do so, but it must be 
kept in mind that catalytic crack- 
ing is a highly selective process, 
as a result of which we shall have, 
in the form of rejects from the 
process, a very considerable 
amount of stock to be rerun by 
other processes. One of the im- 
portant reasons for the high qual- 
ity of the overhead from catalytic 
cracking is that the charge stock 
is selected with an eye to the 
economics of the process. It is 
well known that the high-octane 


product of catalytic cracking is very nearly sulfur- 
free, but this is not altogether due to the same type 
of catalytic reaction which brought about the high- 
octane rating of the product.. Clay-type catalysts, 
chiefly by their adsorbent action, remove, or make 
innocuous, most of the sulfur compounds and unde- 
sirable polymers at the same time they are perform- 
ing their primary function of molecular rearrange- 
ment. This adsorbent action, inevitably, contami- 
nates the catalyst and it must be regenerated fre- 
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Octane numbers and tetraethyl lead 
susceptibilities — catalytically cracked 
gasolines. 


quently. This is accomplished in several ways, but it 
will be obvious that the cycle of duty between re- 
generating cycles must be as long as is practicable 
else the amount of equipment required for regenera- 
tion would throw the economics of the process out of 
line. Hence the necessity for careful selection of 
charge stock and the conventional once-through 
operation, 


Conventional Sulfuric Acid Treatment 


One of the limits to the degree of sulfur reduction 
by sulphuric acid treatment which has always been 
considered as fundamental is the known tendency of 
the treatment to remove some of the desirable un- 
saturates at the same time the sulfur compounds were 
either being reduced or their form changed. This, of 
course, had a tendency to lower the bare octane num- 
ber of a cracked stock and was considered as a factor 
which limited the degree by which total sulfur should 
be reduced in a motor gasoline. 

The tendency can be seen by noting in Figure 6 
that the bare octane number of the No. 3 stock of rel- 
atively high sulfur content is almost a full ASTM 
octane number better than the same stock of lower- 
than-0.10 percent sulfur. This condition reverses, how- 
ever, at 0.5 cc. of tetraethyl lead per gallon, and so 
continues. The degree of loss of bare octane number 
by heavy sulfuric-acid treatment might be, and prob- 
ably is, much more with stocks of other origin and 
cracked under more severe conditions. There can be 
no arbitrary general limit to which sulfur reduction 
should be carried. Each refiner can establish the limit 
for his particular conditions by careful sere of 
costs against returns. 

Sulfur reduction by catalysis has astiined consider- 
able prominence and has been found to be very effec- 
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Octane numbers and tetraethyl lead 
susceptibilities, narrow boiling fractions, 
catalytically cracked gasoline. 
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tive on straight-run stocks. Gasolines treated by cata- 
lytic desulfurization should, generally, show no loss 
in clear octane number and, in fact, frequently show 
distinct improvement. For the present, at least, the 
logical field for this process would appear to be the 
reduction to a very low figure of the sulfur in the 
straight-run part of a blend, thereby increasing its 
diluent capacity. Catalytic desulfurization is not often 
used for cracked stocks because the thiophene type 
sulfur compounds seem to be unaffected by the pro- 
cess. It will be interesting to note that this type of 
sulfur compound has very little effect on lead re- 
sponse. 


Lead Response of Catalytically Cracked Gasoline 


Figures 11 and 12 show the susceptibility of ' “cat” 
cracked gasoline to lead, both by origin of charge 
stock and by distillation range. The increased clear 
octane number, as well as the better lead response and 
wider spread between ASTM and Research methods, 
are accounted for by the increased amount of 
branched-chain and aromatic compounds and by the 
sulfur and polymer reduction which has taken place 
coincidentally with the molecular rearrangement by 
catalysis. It should further be noted that, while re- 
cycling is not generally practiced in cat cracking, the 
gasoil formed and fractionated out of the product 
makes an excellent charge stock for thermal cracking 
and produces a gasoline on this rerun somewhat high- 
er in anti-knock quality than a thermally cracked vit- 
gin gasoil. 

Figure 13 demonstrates some lead susceptibilities of 
polymerized, polyformed. and reformed gasolines. 
Analysis of these curves will be interesting and much 
the same principles will be found true as have hereit- 
before been brought out. 
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Overall Plate Efficiency 





Of Commercial Hydrocarbon Fractionating 


Columns as a Function of Viscosity 


H. G. DRICKAMER and J. R. BRADFORD, Pan American Refining Corporation 


« plate efficiency of fractionating columns is a 
function of tray design, column load, temperature 
and pressure of operation, and physical properties 
of the material being fractionated. However, for any 
group of columns having similar tray design and 
operated near maximum capacity, the overall tray 
efficiency is primarily a function of the physical 
properties of the material fractionated at the column 
temperature and pressure. In petroleum work, sta- 
bilizers, debutanizers, butane depropanizers, deiso- 
butanizers, naphtha fractionators, and similar col- 
umns come under the above classification, and, in 
most cases, bubble-tray absorbers and strippers may 
also be considered in the same category. 

The plate efficiency is, undoubtedly not a simple 
function of any one physical property, however, it 
was felt by the authors that a simple, usable correla- 
tion could Se developed between some fundamental 
property and plate efficiency. It must be kept in 
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Conretation between viscosity and plate effi- 
ciency has been developed from test data on 54 
refinery fractionating columns. The curve was checked 
from data on 30 commercial columns obtained from 
the literature. The effect of variations in tray design 
was considered. Applications of the correlation to in- 
dustrial operation are presented. 
This paper was presented before the meeting of | 
the American Institute of Chemical Engineers in New 
York, May 10 and 11, 1943, and printed in its Trans- 
actions 39, 3, June 25, 1943. 
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mind that the authors were seeking, not a theoretic- 
ally derived equation for tray efficiency as a function 
of some physical property, but merely a property 
or combination of properties whose variations are 
consistent with variations in tray efficiency. Nat- 
urally it is desirable to conform as closely to theo- 
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FEED STOCK MOLAL AVERAGE VISCOSITY IN CENTIPOISES 





(AT AVERAGE TOWER TEMPERATURE) 
FIGURE 1A 
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mit. 


retical considerations as a simple equation will per- 


Viscosity was selected as the determining physical 


property for several reasons. 


First, the Stokes-Einstein equation for molecular 


diffusity 
KT 
67 T ye 





D = 


presents diffusivity as an inverse function of viscosity. 
Second, the mass transfer equation of Chilton and 


Colburn” 





_ Gm eka 7 , 
seins Gn B J 


denotes turbulent mass transfer as an inverse func- 


tion of viscosity. 


Third, the von Karman* equation for film thick- 


ness 


(constant) # 


indicates that film thickness is directly related to 
viscosity, The mass transfer is an inverse function 
of the length of the path, i.e., the thickness of the 
liquid and vapor films. Since, for the temperatures 
and molecular weights under consideration, the vis- 
cosities of liquid hydrocarbons are 10 to 100 times 
the viscosities of corresponding vapor hydrocarbons, 
and further, the rate of change of liquid viscosity 
with temperature and with molecular weight is 2 
to 15 times the rate of change of vapor viscosity, 
relative liquid viscosity makes the better criterion 
of film thickness and therefore of relative mass trans- 


fer rate and overall tray efficiency. 


Fourth, the equation for liquid mass transfer co- 


efficient 


3.4 


Ku = (yy. 


developed from experimental data by Sherwood and 











TABLE 1 
Source: Texas City Plant Test Data Reference: Figure 1A 
Aver. | Average Molal Percent 

Temp.;| Pressure | Average Tray 

TOWER TYPE °F. | PSI Abs. | Viscosity | Efficiency 
1. Cracking Unit Stabilizer...... 312 357 0.066 83.0 
2. Cracking Unit Stabilizer......| 315 347 0.072 84.0 
3. Cracking Unit Stabilizer......| 313 366 0.091 84.2 
4. Cracking Unit Stabilizer... . 314 350 0.098 80.0 
5. Cracking Unit Stabilizer......| 319 363 0.105 81.0 
6. Cracking Unit Stabilizer... . 309 363 0.098 77.0 
IMI, Cc ccc cccess .| 275 117 0.165 59.0 
8. Deisopentanizer*............| 280 116 0.160 64.0 
9. Deisopentanizer*............| 270 116 0.172 62.0 
10. Deisopentanizer............. 260 117 0.152 73.0 
11. Deisopentanizer........ cccok Ie 116 0.158 67.7 
12. Deisopentanizer............. 264 115 0.162 69.0 
13. Cracking Unit Debutanizer...| 245 115 0.190 60.0 
14. Cracking Unit Debutanizer....| 252 130 0.213 61.5 
15. Cracking Unit Debutanizer....| 248 125 0.210 64.0 
16. Butane Depropanizer.........| 162 235 0.148 68.0 
17. Butane Depropanizer.........| 161 235 0.170 64.0 
18. Poly Plant Stabilizer......... 228 365 0.220 58.0 
19. Poly Plant Stabilizer......... 198 362 0.222 55.0 
20. Poly Plant Debutanizer.......| 238 145 0.310 46.0 
21. Poly Plant Debutanizer....... 242 147 0.322 44.0 
22. Poly Plant Absorber.........| 126 255 0.405 42.0 
23. Poly Plant Absorber......... 127 260 0.410 39.0 
24. Poly Plant Absorber......... 124 265 0.500 38.0 
25. Poly Plant Absorber......... 120 260 0.480 36.0 
26. Hydroformer Stabilizer....... 285 350 0.355 44.0 
27. Kerosene Stripper............ 448 68 0.205 57.0 
28. Kerosene Stripper............| 435 68 0.190 64.0 
29. Virgin Gas Oil Stripper.......| 507 60 0.250 49.0 
30. Virgin Gas Oil Stripper.......| 481 58 0.270 48.0 
31. Virgin Gas Oil Stripper.......| 492 60 0.280 52.0 
32. Absorber... .. a ee 138 267 0.220 56.4 
ee cc aa 254 0.310 50.0 
34. Absorber....... es Fe 117 94 1.410 10.4 




















* Bottom 11 trays perforated in tower. 
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Walter,* again indicates an inverse relationship be. 
tween mass transfer rate and viscosity. 

Since a preliminary correlation between K,, and 
tray efficiency was quite successful, an inverse rela- 
tionship between tray efficiency and viscosity was 
postulated. 

Table 1 presents the results of calculations on 
tests made on various towers at the Texas City re. 
finery of Pan American Refining Corporation. Figure 
1A shows these same results in graphical form. A 
large part of the data obtained in these tests may 
be found in Section 1 at the end of the article. 


Method of Calculation 


For each test, the Podbielniak analyses were con- 
verted to a molal basis, and a material balance was 
made around the tower. For fractionating equipment, 
minimum reflux was calculated by the method pre- 
sented by Colburn.*? The minimum number of plates 
were determined in the manner recommended by 
Brown and Holcomb? (calculating one or two plates 
down from the top and one or two plates from the 
bottom, then applying Fenske’s equation™*). The nun- 
ber of theoretical plates required at the operating 
reflux ratio was obtained from the chart by Brown 
and Martin.* Several columns were also calculated 
by the method of Brown and Souders® and by plate 
to plate calculations with enthalpy balances on each 
plate. The results obtained by the various methods 
did not vary by more than a fraction of one theo- 
retical plate. The absorber and stripper tray efficien- 
cies were calculated by obtaining the necessary num- 
ber of plates from the absorption and stripping factor 
chart,® using an effective absorption or stripping 
factor, and checking top and bottom temperatures 
by equilibrium and enthalpy balances. The method 
is substantially the one described by Edmister.” The 
equilibrium constants used in both fractionator and 
absorber calculations were calculated from fugacity 
data by Sherwood.** , 


Correlation of Results 


The plate efficiencies were plotted against the 
molal average viscosities of the feed, or, in the case 
ef absorbers, of the rich oil, at the average tower 
temperature. The molal average viscosity of the feed 
was selected because, while it has no direct physical 
significance, it is the most representative value which 
is easily obtainable in ordinary design work, Further, 
for light hydrocarbon mixtures the molal average 
viscosity seems quite close to the actual viscosity 
as indicated by these data. 





Calculated 





(Molal Average) | Experimental 
TYPE OF MIXTURE Viscosity Viscosity 
Stabilized Gasoline....... 125 118 
Stabilized Gasoline. ..... .110 123 
Debutanized Gasoline. .. ; “% .184 190 
Debutanized Gasoline... .. g ie .210 198 
180°-340° Cut. . : 265 270 


— 











The average tower temperature is taken as the 
arithmetic average of the top temperature and the 
tower bottom or reboiler outlet temperature. The 
mol fraction of each component in the feed is multr 
plied by its viscosity at the average tower temper 
ture. The sum of these partial viscosities is taker 
as the molal average viscosity. E.g., for a fractionato! 
having an average temperature of 190° F., the plate 
efficiency is obtained in the following manne 
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TABLE 1 
COMPONENT | Mol Fraction | #190° F Mf.x.p 
3 0.2 0.048 0.0096 
C4. ' 03 0.112 0.0336 
65 0.2 | 0.145 0.0290 
C6 0.3 | 0.188 0.0564 
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The molal average viscosity of the feed is relatively 
easy to obtain since most methods of fractionating- 
tower design require calculation of top and bottom 
temperatures and the feed composition is generally 
known. Figures 2A and 2B present available vis- 
cosity data 1% 1% 20. 24, 25,33 for many hydrocarbon 
compounds. 

The proposed plate efficiency of fractionating 
equipment may be obtained from Figure 1A or may 
be calculated from the equation: 


E =0.17 —0.616 logw (2Mz) 
where 
E = plate efficiency (ratio of theoretical 
to actual plates) 
This equation, as derived from the above mentioned 
curve, appears valid for viscosity readings between 
the limits of 0.07 and 1.4 centipoises. 


Literature Data 


Table 2 presents results obtained on petroleum 
fractionating columns available in literature data. In 
Figure 1B the plate efficiencies of these columns 
are plotted on the curve obtained from Figure 1A. 
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Where possible, the plate efficiencies were calculated 
by the methods described for plant test data; how- 
ever, sufficient data were not always available. In 
general, the agreement of the literature points to the 
curve appears to be very good, and a valid expla- 
nation exists for the three points (indicated by the 
symbols 4 and 4) which materially disagree with 
the correlation. These three plate efficiencies were 
calculated for only a section of the tower and the 
compositions were obtained by breaking up true- 
boiling-point curves into normal paraffin components. 
The theoretical plates were calculated by a modi- 
fied plate-to-plate calculation. Since no feed stream 
existed for these sections of towers, the average 
composition of liquid leaving the bottom plate and 
vapor leaving the top plate was used to obtain the 
molal average viscosity. However, in the case of the 
naphtha fractionator presented by Brown, et al.,° 
the calculated overall plate efficiency for the entire 
column is in line with the value taken from the curve. 


Application to Water-Organic Liquid 
Mixtures 


Table 3 lists four points obtained for commercial 
data on beer stills, alcohol-water columns, and an 
acetic acid-water column. While these points, as 
plotted on Figure 1B, show remarkable agreement 
with the correlation, the authors do not claim that 
this or any similar curve will necessarily apply to 
columns fractionating mixtures of water and miscible 
organic liquids. The data were presented as a matter 
of interest and it is hoped that someone with the 
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NOTE: 


OLEFINS ARE APPROXIMATELY 15% MORE THAN THE CORRESPONDING PARAFFIN HYDROCARBON. 


BRANCHED CHAIN HYDROCARBONS ARE APPROXIMATELY 
NORMAL HYDROCARBON. 


10% LESS THAN THE CORRESPONDING 
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Avg. 
Towe Avg. Molal 
Temp Pressure Avg. Yo Tray 
Source of Data Symbol | Ref Tower Type oF Psi-Abs. Viscosity Efficiency 
1 Atkins and Franklin. ...... l CE 2 aE et ae 101 78 0.81 18.0 
2 Brownand Holcomb. .... ..... re) 2 Natural Gasoline Stabilizer... 198 215 0.105 82.6 
3. Brown and Lockhart... ..... a 3 Gasoline Fractionator ....... 197 200 0.100 74.0 
ee ST, ea rae = 3 Gasoline Fractionator ....... 217 250 0,09 88.0 
5 srown and Lockhart. . ak, @ 3 Gasoline Fractionator ....... 200 203 0.097 86.0 
6. Brown and Lockhart............... * 3 Gasoline Fractionator ....... 205 208 0.095 83.0 
7 Brown, Singer and Wilson........ o 5 Naphtha Fractionator ....... 420 14.7 0.23 59.0 
8 Brown, Singer and Wilson....... A 5 +NaphthaFract. (first 6 plates) 375 14.7 *0.181 78.0 
9. Brown, Singer and Wilson.......... A ’ + Naphtha Fract. (last 6 plates). 465 14.7 *0.315 33.0 
oo. wrown amd Souders............... a 7 SN Ree ee eee ee 103 485 0.40 46.0 
i mrown aod Souders.............-. a 7 ce Bee Ee 93 485 0.42 45.0 
ti Brown and Sotiders............... 7 PE Pio Sntdiacac beats oe 100 60 0.42 50.0 
13 Brown, Souders, Nyland & Hesler. 8 tNatural Gasoline Stabilizer... 260 300 0.085 88.0 
I TS Sde 5.5) 5 cid ak ale boresle & eel 6a - 9 Natural Gasoline Stabilizer... 193 188 0.106 78.0 
ed, SiMaly sas cnn Sevnnee ee bs oa 16 Natural Gasoline Stabilizer... 196 265 0.102 83.0 
16. Lewis and Wilde.............. A 21 tNaphtha Fract. (first 6 plates) 370 14.7 *0.154 82.0 
cc nce sk vacscccses 2 22 Naphtha Fract. (Test #1)... 240 135 0.151 63.0 
NR Soe cs ccs obese dec ee 22 Naphtha Fract. (Test #I1).. 236 125 0.156 69.0 
Se a te 22 Naphtha Fract. (Test #111). 214 125 0.152 67.4 
eT ois 5 ayes wee dees at o> 22 Naphtha Fract. (Test #1V). 157 110 0.22 51.0 
EOD Cola. Shs cc ccccct cece o 23 Natural Gasoline Stabilizer... 215 95 0.154 72.0 
22. Sherwood and Jackson..... x 29 BNE si ta seee Vereen g ses 66 92 1.44 8.7 
23. Sherwood and Jackson... ......... x 29 CE OP EEOC Oe 60 92 1.58 13.0 
24. Sherwood and Jackson........... j x 29 EE datis chs odes scka¥es 100 87 1.02 18.4 
25. Sherwood and Jackson............. _ 29 EY wisiveskos 450 0eoes 108 87 0.97 15.6 
26. Turner and Rubey................. a 31 Dhecbulemiser ............. 154 120 0.120 80.5 


























* Taken as molal average viscosity of liquid leaving the top and bottom plates of the section. 


tT All analyses taken from a split-up of true boiling point curves. 
+ Taken on plates below the side drawoff. 


TABLE 2 


necessary information available will check the pos- 
sibilities of a similar correlation. 


Effect of Variation in Tray Design 


The plant test data presented were taken on towers 
of standard tray design, however, a considerable 
range of variation in tray details was noted, as 
follows: 


Riser area: 7.2 — 11.5% of tray area 
Minimum liquid downflow area: 4.5 
of tray area 
Weir height: 114” — 234” 
Weir length: 65 — 80% of tower diameter 
Tower diameter: 4’ — 0” to 7’ — 6” 
Submergence (middle of slot to 
weir): 4%” — 2%” 
There were both single pass and double pass trays. 
Caps in all columns except one were rectangular: 
Slot width : 3/32” — 4” 
Slot height: 4” — 14” 


As noted in the data, the bottom 11 trays in one 
tower are perforated. 

It is expected that there is much variation in tray 
details among the towers calculated from data in the 
literature. 

It was felt that the deviations from the curve in 
Figure 1A could be attributed to irregularities in 
plant operation, errors in commercial analyses, and 
inaccuracies in physical data and method of calcula- 
tion, rather than to differences in tray design. 

To prove this hypothesis, the results of ten tests 
on each of two commercial columns are presented 
in Table 4. (Data presented in Section II at end of 
paper.) As can be seen from the table, the charge 
rate and composition, and reflux rate were kept 


9.9% 


top of 
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fairly constant (20 percent maximum variation) with- 
in the range of normal operation. 

The average plate efficiency as predicted from 
Figure 1A or the corresponding equation, are very 
close to the calculated results. However, the maxi- 
mum deviations for the two columns are at least as 
large as any deviations in Figure 1A, and of the 
order of magnitude of the larger deviations of Fig- 
ure 1B. 

The small variations encountered in standard com- 
mercial tray design evidently do not effect the liquid- 
vapor contacting appreciably under normal column 
liquid and vapor loads. Furthermore, small varia- 
tions in tower load seem to have little effect on 
plate efficiency. 

These results do not imply that an improved tray 
design will not permit an increased normal liquid 
and vapor load with no loss in tray efficiency, oF 
that wide variations in column load have no effect 
on tray efficiency. However, the low efficiencies ob- 
tained on columns handling viscous liquids, particu- 
larly on absorbers, seem to indicate that a standard 
bubble-cap tray is not the ideal method for contact- 
































Avg. 
Avg. Pres- | Molal : 
Tower] sure Avg. | Per Cent 
Sym- Tower Temp. Psi- Vis- Tray 
Source bol | Ref. Type oF, Abs. | cosity | Efficiency 
1 Gunness- Oo 17 Beer Stills 208 T6 0.32 
Baker ( Perforated 
Trays) : 
2 Gunness- og 17 Beer Stills 210 17 0.32 42.5 
Baker ( Perforated 
Trays) 
Acetic Acid- , 
3 Peters , 26 | Water Tower 218 15 0.35 50.0 
(Sieve Trays) 
4. Peters s 26 * Alcohol-Water e _ | Py 
Robinson 27 Tower 200 15 0. |_os 








© Average of S Ttesis On commercial columns with sieve trays. 


TABLE 3 
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FIGURE 2B 


ing a viscous liquid and a vapor, Methods of con- 
tacting which emphasize breaking up the liquid 
rather than the vapor, would possibly improve the 
efficiency of absorption operations. 


Summary 


Petroleum fractionating equipment of all types 
indicate a close correlation on the basis of overall 
plate efficiency. In the case of absorbers, difficulty 
was sometimes encountered in obtaining similar plate 
efficiencies for different components in the same test. 
This may be due to the solubility effect described 
by Sherwood and Walter*®® or to the difficulty in 
obtaining accurate equilibrium constant values for 
lean oil-gas mixtures. The efficiencies used were 


those of the key components, usually butane and 
pentane. 

Within the limits mentioned in the first para- 
graph, i.e., (1) where a column is operated near 
capacity, and (2) with ordinary tray design, such 
that the factors of submergence, by-passing, entrain- 
ment, and flooding may be ignored, the correlation 
permits a rapid and useful determination of the tray 
efficiency of refinery fractionating equipment. 


Applications in Industry 


The primary application of the correlation is to 
process design calculations, however, the curve may 
be useful in improving operating conditions as well. 
For instance, it is apparent from the data that high 


TABLE 4 
Fractionating 




















COLUMN I 





Key Components: Isobutane-Normal Butane 





































































































I II Ill IV V VI Vil Vill | Ix x 
Mols Feed. .... | 1801.3 1887.9 1819.2 1971.1 1839.7 1810.7 2055.8 1718.2 1684.2 1734.3 
Mols Overhead Product . 512.4 520.5 453.2 499.8 457.2 546.2 504.1 443.8 425.7 433.5 
Mols Bottom Product | 1288.9 1367.4 1366.0 1471.3 1381.5 1264.5 1551.7 1274.4 1258.6 1300.8 
Mols External Reflux.......... | 2075.0 2160.0 2180.0 2310.0 2130.0 2040.0 2445.0 2005.0 1980.0 2055.0 
Average Tower Temperature—°F . | 307 303 302 304 304 304 305 302 | 303 303 
Molal Average Viscosity of Feed 
(at average tower temperature) 0.102} 0.112 0.114 0.116 0.107 0.107 0.112 0.116 0.115 0.116 
Efficiency Predicted from Fig. 1A 77.8 75.5 75.1 74.7 77.0 77.0 74.5 74.7 75.0 74.6 
Calculated Eiticiency.......... fae 76.0 75.0 79.0 75.0 83.0 81.5 74.5 77.0 73.0 73.5 
Theoretical Plates from Fig 1A P } 12.5 12.1 12.0 11.95 12.1 12.3 11.9 11.95 12.0 11.95 
Theoretic al Plates—Calculated 12.2 12.0 12.7 12.0 12.3 13.1 11.9 12.3 11.7 11.8 
Difference eer ree, ete saa +.3 +.1 —.7 —.05 —2 —.8 0 —.35 +.3 +.15 
Average Efficiency from Figure 1A (for the 10 tests) =75.6% Average Calculated Efficiency (for the 10 tests) =76.7% 
| COLUMN II 
Key Components: Isopentane-Normal Pentane 
| I | II III IV Vv VI Vil Vill | Ix r 4 
SS ae 1288.9 1367.0 1366.0 1471.3 1381.5 1264.5 1551.7 1274.4 1258.6 1300.8 
Mols Overhead Product. 221.3 272.3 252.9 268.4 248.1 236.5 275.3 222.2 238.3 268.6 
Mols Bottom Product................. 1067.6 1094.7 1113.1 1202.9 1133.5 1028.0 1276.4 1052.2 1020.3 1032.2 
Mols External Reflux............. --} 1091.0 1161.0 1110.0 1119.0 1090.0 1065.0 1071.0 1059.0 1162.0 1031.0 
Average lower Temperature—° F........ 244 251 254 252 253 252 254 254 256 254 
Molal Average Viscosity of Feed 
pitt average tower temperature)........ 0.184 0.186 0.193 0.191 0.196 0.195 0.198 0.200 0.198 0.199 
C ficiency Predicted from eS ae 62.1 62.0 61.0 61.2 60.6 60.7 60.5 60.1 60.5 60.3 
alculated Efficiency................-.... 59.0 56.0 57.0 61.5 61.0 61.0 66.5 62.5 58.0 57.5 
ore al Plates from Fig. 1A........... 16.8 16.75 16.5 16.55 16.4 16.4 16.35 16.2 16.35 16.3 
‘eoretical Plates—Calculated........... 15.9 15.2 15.4 16.6 16.5 16.5 17.7 16.9 15.7 15.5 
BCE. oh, Sr rte er a he Zh heat +.9 +1.55 +1.1 —.05 —.1 —.1 —1.35 —.7 +.65 +.8 
Average Efficiency from Figure 1A (for the 10 tests) =59.5% Average Calculated Efficiency (for the 10 tests) 58.5% 
October, 19434 Gulf Publishing Company Publication {333} 109 








pressure improves absorber-plate efficiency. This 
would follow from the increased ratio of rich to lean 
oil and the lighter lean oil in high-pressure absorb- 
ers. While the operating pressure of absorbers is 
generally determined by the rich gas pressure, there 
are cases where an increase in operating pressure 
is feasible and might result in improved absorption 
due to an increase in plate efficiency. Furthermore, 
if a lean oil were selected with regard to its viscosity 
as well as vapor pressure and other limitations, the 
plate efficiency might frequently be improved. Other 


applications to operation will doubtlessly arise as 
the validity of the curve for various types of frac- 
tionation is shown. 
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DATA—SECTION I 

















TOWER Aeeethes TOWER | Absorber 
Number of Plates 24 Oe 8 SRP eee ri pers: coe 16 
Plate Spacing. .... 18” I sk, iyo sss Gc io en 6 he a 30” 
Tower Diameter. 4’-0” Tower Diameter. . 4 5’-0” 
Tower Pressure... .. 236 psi gage Tower Pressure... .. } 251 psi gage 
Lean Oil Temperature. . 97 °F. Lee ee OD, onal oan ald ee ae } 87 °F. 
Rich Oil Temperature. 127 °F. Sees Sa I SS. a go) wore d Cie levecdrauny 130 °F. 
Rich Gas Temperature 126 °F. ee ee I sss eid nis acole smell 93 °F. 
Lean Gas Temperature. 137 FF. Lean Gas Temperature. . 116 °F. 
Lean Oil Rate.... 1,520 BPD RM ES aS Gre oera'a' acc sae bik doles | §440 BPD 
Rich Oil Rate.... 2.180 BPD Rich Oil Rate........ | 14,846 BPD 


Rich Gas Rate..... 
Lean Gas Rate. 


15.170 MCF/Day 
14.270 MCF/Day 

















Lean Oil Molecular W eight 206 
Lean Oil Gravity...... 28 °API 
Innercooler: 
it eae 117 °F 
OF Gut... «.. ss. 102 °F 
COMPOSITION Rich Gas*/Lean Gas*| Rich Oil* | Lean Oil* 
} 
C1 | 42.2 44.8 2.1 
Co 7 6.7 6.1 
Co 23.0 23.9 12.1 
Cs 5.2 8.2 2.7 
C3 18.1 17.1 17.7 
Ca 0.8 0.6 S621 
C4 2.4 2.2 S| 
Cs 0.2 0.1 is. 
Cs 0.6 0.3 36 «(| 
Cet+ 0.2 49.9 | 100.0 
TOWER " eae 
Number of Plates 16 
Plate Spacing 30” 
Tower Diameter. 5’-0” 
Tower Pressure... = psi gage 
Lean Oil Temperature “ P 
Rich Oil Temperature 139 7, 
Rich Gas Temperature 97 °F. 
Lean Gas Temperature. 126 °F. 
Lean Oil Rate. 6,370 BPD 
Rich Oi] Rate....... 1,085 BPD 


Rich Gas Rate..... 
Lean Gas Rate..... 


712 MCF/Day 


1 
21, 
15,170 MCF/Day 

















Rich Gas Rate........ 


Lean Gas Rate......... 


cetseheostseet) ar 
i getovine base 13,450 MCF/Day 



































Molecular Weight of Ce + Fraction in Lean Oil. 164 

Gravity of C6+ Fraction in Lean Oi 41.7 °API 
Molecular Weight of C6+ Fraction in Rich Oil.. 110 
COMPOSITION [Rich Gas*|Lean Gas*| Rich Oil* | Lean Oil* 

| 

CORTESE ESS an 27.7 50.2 3.1 1.1 
ye: ag Ses ves 3.9 6.1 1.6 6.7 
= SE ee oe : | 17.3 23.9 9.0 ; 
af ae 3.8 2.7 3.8 2.1 
a 19.4 12.2 20.8 gi 
StS Sa ee ee .| 3.0 0.5 4.5 6.7 
Ce RE dae | 18.0 +H | 24.0 ee 
-5=.. | 4 i 0.4 

cs... a 2 ee ag 
SF een | 66 o2 | 279 71.5 

TOWER Absorber 
Number of Plates 16 

Plate Spacing... . 24” 

Tower Diameter. 4’-0” 

Tower Pressure. . 79 psi gage 
Lean Oil Temperatu re. 102 °F. 

Rich Oil Temperature. 126 °F. 

Rich Gas Temperature... 108 °F 

Lean Gas Temperature. . 108 °F. 
Nie aS san 368 Mol./hr. 
iS Ss Bo Sean 525.4 Mol./hr. 
Rien Gee Mere... ... 5... 946 Mol./hr. 
Lean Gas Rate......... 786.9 Mol./hr. 
Lean Oil Molecular W: cnn 250 

































































Lean Oil Gravity. 57.4 °API Lean Oil Viscosity . . 1.4 centipoises at 
Molecular Weight of Ce+ Fraction in Lean Oil . 157 116 °F. (34.5 S.U. 
Molecular Weight of C6+ Fraction in Rich Gas. | 110 ‘ Pee ce at 100 °F.) 
COMPOSITION Rich Gas*|Lean Gas*| Rich Oil*| Lean Oil* a ————-_____— es 
COMPOSITION |Rich Gas*|Lean Gas*| Rich Oil* | Lean Oi * 
C1 30.9 42.3 2.8 0.8 | 
Ce 5.3 ie 1.5 ) 6.6 cy. 47.30 55.90 1.33 
Ce oa ioe 6.7 — Ce. | 8.80 9.80 1.16 
C3 5.6 | 5.2 4.8 1} 74 C3- y 5.20 5.14 1.66 
C3 23.6 18.1 | 23.0 f = Cs .| 22.60 21.65 8.19 
C4 2.6 0.8 | 4.5 1) 6.9 C4= 3.80 2.34 3.33 
C4 8.1 | a4. | 14.8 | _ Cz: 7.40 4.45 6.66 
Cs 08 | 03 | 25 |} a Cs | 3.00 42 4.01 
C5 4.0 | 0.2 | 2.3 ‘a ee ; i ia | 3.42 i 
Ce+ 4.0 0.2 37.1 70.2 LG. A cee eo eer ee 70,24 100 
TOWER " Delecpentantoer TOWER | Deisopentanizer 
Number of Plates 27 Number of Plates. 27 
Plate Spacing. 24” Plate Spacing....... a Wire. Sdigd sala hee "AA AR Code giedeat allio | 24” 
Tower Diameter. —0” Tower Diameter....... sah 6’-0” 
Tower Pressure. “01 psi gage Tower Pressure......... - | 102 psi gage 
lower Top Temperature 175 °F. Tower Top Temperature... . , 165 °F. 
lower Bottom Temperature 380 °F. Tower Bottom Temperature...... 380 °F. 
Fee ad Te mperature. 300 oF, Feed Temperature Terri * R 300 oF, 
Feed Rate...... 13,200 BPD LO 8 ee rr ; rae Re ae , 12,810 BPD 
Overhead Product Rate | 3,880 BPD Overhead Product Rate..... acd eererr mee 
Bottoms Product Rate. | 9,320 BPD Bottoms Product Rate... nf) oe 9,700 BPD 
arg? ick Reflux Rate. 8,640 BPD Pumpback Reflux Rate....... : ..| 9,710 BPD 
+ Molecular Weight. an Ce6+ Molecular Weight... . . ess aki | 118 
Ci+ Gravity... ot ] 49.9 °API Co+Gravity........ SPORT SO 49.7 °API 
COMPOSITION Feed+t |Overhead*! Bottomst COMPOSITION | Feedt |Overhead*| Bottomst 
—_-- 
C3 3.5 9.5 hea: << Rr ae 1.3 6.4 abd 
C4 23.7 62.3 0.1 C4. 16.6 71.6 0.4 
C5 5.9 + 7 3.5 Cs= } 4.8 8.3 3.7 
iC5 3.1 0.6 iCs. a 3.5 9.0 1.6 
nC 6.2 106 ae nC 5 | 4.6 4.7 4.5 
Ce 57.6 92.1 Ce+ 69.2 ie 89.8 
NOTE: Bottom 11 plates of tower perforated. Volatility of Butane NOTE: Bottom 11 plates of tower perforated. Volatility of Butane 


cut e 


livalent to Butene 


*Mol Percent. 

*Liquid Volume Percent. 

tMol percent from breakup of true-boiling-point curves. 

All liquid quantities are in standard barrels (42 U. S. gallons) per day. 

All vapor quantities are in thousands of standard (60° F. and 14.7 psi abs.) cubic feet per day. 

In cases where the overhead is taken as vapor, a partial condenser is indicated by the symbol (p). 

In general, the feed plate location was unknown, as several feed nozzles existed on each tower and 
data failed to record which valve was open. 





1943—A Gul 


Reflux drum pressures approximately 





(+3) 10 psi 


cut equivalent to Butene —1. 





less than tower pressures. 
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DATA—SECTION | (Continued) 





























































































































































































































































TOWER |Virgin Gas Oil Stripper TOWER Gas Oil Stripper ‘ 

Number of Plates. 6 Number of Plates. 6 pant 
| Tray Spacing.... 30” Tray Spacing... 30” | A 
| Tower Diameter 5’—0” ey re ah ie oh eh ed eemels 5’-0” | A 

Tower Pressure. . 44.5 psi gage Tower Pressure... . 43.3 sa gage 1 

Tower Top Temperature 496 °F. Tower Top Temperature. 502 ° 1 

Tower Bottom Temperature 488 °F Tower Bottom Temperature. 461 of 

Charge Rate.... F 828 BPD se Fos cic ao mess sine lee 945.8 BPD ( 

Overhead Product Rate. 125 BPD Overhead Product Rate...................000. 268.8 BPD C 

Bottom Product Rate. . 703 BPD Bottom Product Rate. . 677 BPD E 

Steam Rate... 152 th/hr. Steam Rate....... 423 th/hr. S 

Charge Temperature. 543 °F. Charge Temperature. . ieee 543 °F. SL 
COMPOSITION Charget |Overhead?| Bottomst COMPOSITION | Charget |Overheadt| Bottomst c 

| | - 
hee — 1.0 7.0 C; } 1.5 4.5 C 

Cs. 1.0 6.5 Cs. 1.5 4.5 C 

Co. | 1.5 5.5 Ge. 1.5 4.5 C 

Cio 2.5 6.5 Cio. 1.5 6.5 C 

Cir .| 2.0 8.5 3.0 Cir .| 2.5 6.5 1.5 C 

Ciz 4.0 9.9 4.0 Ci2.. 4.0 8.5 1.5 C 
Cis | 8.0 14.0 7.0 Cis.. | 12.5 15.0 13.5 C 

Cia | 28.0 | 20.0 28.0 re | 2s | Sea { m0 Cc 

Cis 18.0 15.0 18.0 ae | 19.5 9.0 | 23.5 Cc 
Cie 12.0 6.0 14.0 C16. 14.0 | 6.0 18.0 C 
| Ciz 13.0 2.0 15.0 C17. 10.5 5.0 13.0 C 
Cis 9.9 11.0 Cis. 9.5 4.5 9.0 L 

= = = TOWER Aidecher 
TOWER Absorber | as 
Number of Plates st 24 = 

Number of Plates 24 Plate Spacing. . . | 18” 

Plate Spacing. 18” Tower Diameter | 4’-0” os 
Tower Diameter 4’-0” Tower Pressure 246 psi gage N 
| Tower Pressure 238 psi gage Lean Oil Temperature | 90 °F. PI 
Lean Oil Temperature 98 °F. Rich Oil Temperature. | 1 20 °F. Pi 

Rich Oil Temperature 139 °F. Rich Gas Temperature 116 °F. T< 

Rich Gas Temperature 136 °F. Lean Gas Temperature. 120 °F. Te 

Lean Gas Temperature. 126 °F, Lean Oil Rate. 1,940 BPD Te 

Lean Oil Rate 245 Mol/hr. Rich Oil Rate | 2,490 BPD Tc 

Rich Oil Rate. 372.2 Mol. /hr. Rich Gas Rate | 13,450 MCF/Day 4 

Rich Gas Rate 960.7 Mol./hr. Lean Gas Rate... | 12,680 MCF/Day On 

Lean Gas Rate 833.5 Mol. /hr. Lean Oil Molecular W Veight. 201 Be 

Lean Oil Molec ular Weight 135 " Lean Oil Gravity............-. 31.0 °API Pu 

7 > 
poe OE Gravity - le COMPOSITION Rich Gas*|Lean Gas*| Rich Oil* | Lean Oil* Ci 
COMPOSITION [Rich Gas’ |Lean Gas’ Rich Oil* | Lean Oil* Fe 
C1 50.2 | 53.0 2.4 ca 

Ci. | 55.10 81.90 3.68 sen | Oe 8 ies ane 

Ce 22.00 | 23.74 6.15 ate ia. 6 Eh yy eae ae 23.9 } 23.1 | Cc 

Cs= 6.13 | 5.25 | 4.98 | C: sf 2.4 | 3.1 Ce 

C3 R.52 | 6.64 | 6.88 C3 ms | ike | 1.5 C. 

Caz 2.82 94 5.16 Cie 6 cikc cece 05 | 0.5 | 0.2 Cy 

sé: 4.97 1.13 7.95 C4 (ij MS | 9.2 C 

Cs 36 40 | 1.35 2.0 Cs | 0.4 =| 0.05 2.6 ce 

LO. " BATA a8.0 Cs J O12 | 0.25 6.1 axe 

— —— a es Cet+. | 0.2 =| os | 60.0 100.0 

TOWER | " Delsspontanizer TOWER Deisopentanizer 

Number of Plates 30 Number of Plates 30 — 

Plate Snacing... 24” Plate Spacing | 24” TO 

Tower Diameter 4’-0” Tower Diameter. 4’-0” — 

Tower Pressure. | “or psi gage Tower Pressure. . ee 102 nsi gage Nu 

Tower Top Temperature a 175 °F. Tower Top Temperature 170 °F. Pla 

Tower Bottom Temperature... 345 °F. Tower Bottom Temperature. 345 °F Tor 

Feed Temperature... 290 °F. Feed Temperature.... | 293 °F. Tor 

Feed Rate........... 12.360 BPD hee | 12.710 BPD Pox 
| Overhead Product Rate 2,260 BPD Overhead Product Rate.. | 1,780 BPD Tox 

Bottoms Product Rate. . | 10,100 BPD Bottoms Product Rate... | 10,930 BPD Fee 

Pumpback Reflux Rate | 2,400 BPD Pumpback Reflux Rate 3,720 BPD Fee 

Cé+ Molecular Weight 110 C6+ Molecular W: — potba 116 Ove 
Ca+ Gravitv,...... Aah: 48.0 °API Co6+ Gravitv..... * 49.4 °API Le 
| COMPOSITION Feed+t |Overhead*| Bottomst COMPOSITION Feed+ |Overhead*| Bottomst to 
| | 
| C3 1.6 11.7 P Cy 1.0 5.9 oe = 

C4. 15.6 64.0 5.2 BU Spiers ccs'giher 5% 10.5 74.9 3.4 C3 

C5= | 3.7 8.2 4.1 Peal ete dss aco dens> she keds | 5.5 8.3 5.7 Ca. 

Mibbisccts 3.7 8.4 2.1 iCs | 3.0 | 7.6 2.1 Cs 

nCs | 5.5 7.7 3.0 nCs... id oe4 Cae ee ere 4.2 Cs 

a 69.9 s 85.6 of ae METRO CE Mee OE  -.. Shae = 

— 5 
NOTE: Volatility of Butane cut equivalent to Butene 1. NOTE: Volatility of Butane cut equivalent to Butene —1. 
*Mol Percent. 
‘ tLiquid Volume Percent. 
tMol percent from breakup of true-boiling-point curves, 
All liquid quantities are in standard barrels (42 U. S. gallons) per day. 
All vapor quantities are in thousands of standard (60° F. and 14.7 psi abs.) cubic feet per day. 
In cases where the overhead is taken as vapor, a partial condenser is indicated by the symbol (p). 
In general, the feed plate location was unknown, as several feed nozzles existed on each tower and 
data failed to record which valve was open. 
Reflux drum pressures approximately (+3) 10 psi less than tower pressures. 
i 
0 
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| ~ Gas Oil Stclwer 

Number of Plates... >. .......-: 6 Number of Plates. 16 

Tray Spacing...... Be 39” Plate Spacing..... 30” 
Tower Diameter..... ‘ 5’-9” Tower Diameter. . 5’-0” 
Tower Pressure......... 44.5 psi gage Tower Pressure........ 252 psi gage 
Tower Top Temperature. 513 °F. Lean Oil Temperature. . 132 °F. 
Tower Bottom Temperature S01 °F: Rich Oil Temperature. . 140 °F. 
Peet WI aso oot a ona ore eee 890 BPD Rich Gas Temperature. 91 °F. 
Overhead Product Rate.... 126 BPD Lene Sees DOmeratete. 8. es Oo ae See 136 °F. 
Bottom Product Rate.... 764 BPD RR ie etn au. 30 fad bpdoy wie eam 372.2 Mol. /hr 

Steam Bases.) so. ss « 114 th/hr Rich Oil Rate...... is .| 624.4 Mol./hr. 
Charge Temperature...... | 551 °F. pas yaa Bate RN te a on oid toa 1, ae aot ie. 

a Re See). c*, x), oeare ee wake tobe uLTee ro ol./hr. 

COMPOSITION | | Charge? |Overhead? Bottoms} Molecular Weight of Cz+ Fraction in Lean Oil . | 35 ‘ 

CG 15 35 | Gravity of C7 + Fraction in Lean Oil.......... 46.7 °API 

Cs ¥ er | pap COMPOSITION Rich Gas*! Lean Geet} Rich Oil* | Lean Oil* 
Co 2. ‘. | wees | 

Cio 1.5 7.0 1.5 of REG REPS | 45.19 | 55.10 4.94 3.68 
Ci 2.5 7.5 2.5 Beas sia. os eee eee 20.02 | 23.00 7.20 6.15 
Ci2 4.0 8.0 3.5 Ca=: 5.71 6.13 | 4.28 4.08 
Ci3 17.9 11.0 17.0 Cz. 9.41 8.52 | 8.60 6.88 
Ci4 23.0 17.0 24.0 Ca=— 5.61 2.82 | 10.11 5.16 
Cis 17.0 15.5 16.5 at Se 7.54 4.97 13.60 7.95 
Ci6 12.0 7.0 14.5 io? Tae aaa eerie Ber rae: 4.14 .36 8.30 1.35 
37 10.5 3.0 11.5 pAb cet chc ss darn ps5" bes aaeedesia a RN YS CY As ee onde 
Cis 7.5 0.0 8.5 Cr+.. 38.36 64.75 

* 
= —<—<——_—S —— > TOWER Stabilizer 
~~ "TOWER "Stabilizer a — 
Number of Plates. . 16 

Number of Plates... . 16 Plate Spacing (Plates 1-8)................ 24” 

Plate Spacing (Plates 1 + ; 24” Plate Spacing (Plates 9-16 30” 

Plate Spacing (Plates 9-16)... Pe, 30” Tower Diameter. . 6’-0” 

Tower Diameter......... C0" >: Tower Pressure. . 335 psi gage 

Tower Pressure... . | 353 psi gage Tower Top Temperature. | 179 °F. 

Tower Top Temperature. | 181 °F. Tower Bottom Temperature ree: 448 °F 

Tower Bottom Temperature. oe | 436 °F. Feed Temperature. ... 281 °F. 

Feed Temperature. Sins : 235 °F. Feed Rate......... 16,050 BPD 

Feed Rate. . | 14,050 BPD Overhead Product Rate. 6.010 — Day (p) 
Overhead Product Rate. | 6,070 MCF/Day (p) Bottoms Product Rate.. 12,990 B 

Bottoms Product Rate.... | 11,810 BPD rig 2 Reflux Rate.. 15.200 ak 
Pumpback Reflux Rate.. | 14, 800 BPD Ce+ Molecular W shen Ay 113 

Ce6+ Molecular W. = | 112 Feed Gravitv. 4 , . | 76.6 °API 

Feed Gravity...... 79.1 °API 

COMPOSITION Feedt |Overhead* Bottomst 
COMPOSITION Feedt (Overhead*| Bottomst —_ } 
: — ei.; ae ee Fe 
Ci 1.7 22.8 Ce: | 4.2 } 21.9 na 
Ce 5.9 19.4 ; 6.4 | 9.9 45.5 0.1 
C3 6.5 38.9 0.2 C4 A 12.9 20.7 7.4 
C4 6.4 16.8 10.0 Caos. } 10.9 ‘ 13.5 
Cs 6.8 2.1 14.1 eee 69.4 79.0 
Cot 73.6 se 75.7 SS — 
= ; : NOTE: Plates are numbered from top of tower. 
: NOTE: Plates are numbered from top of tower. 

Ss - a TOWER Depropanizer 

TOWER Dupcasaiber 

Number of Plates........ | 26 

Number of Plates. . 26 Plate Spacing. 0.3... i ; cons aie 20” 

Plate Spacing. . . 20” Tower Diameter........... Ss , 53 4’-6” 

Tower Diameter. 4’-6” Tower Pressure. Pa ; port 220 i gage 

Tower Pressure................. ot 220 psi gage Tower Top Temperature. . : 120 

Tower Top Temperature. . he, | 121 °F. Tower Bottom Temperature. - | 207 op 

Tower Bottom Temperature. Saye | 202 °F. Feed Temperature.......... | 113 °F. 

Feed Temperature.......... 4 | 120 °F. ip CaRRSS SENSE a omen area | 4,610 BPD 

TR ae ene | 4,426 BPD Overhead Product Rate... . 4,885 MCF/Day (p) 

Overhead. Product Rate. . Skah eles 1,204 MCF/Day (p) Bottoms Product Rate.... 4,277 BPD 

sot ON ER pare er ee | 3,640 BPD Pumpback Reflux Rate #3 3,600 BPD 
ri umpback Reflux Rate............ .| 3.280 BPD COMPOSITION Feed* lOverhead*| Bottoms* 
“4 COM POSITION | Feed* |{Overhead*| Bottoms* _ 

— | Eee aie { “33 17.5 1.0 
Slee. «ssi rdse auen oo pos done ae 12.6 1.1 ETRE IGE RE Oe SS 5, 12.0 82.8 5.3 
BERG... decile igi ER ta eae | 22.3 86.3 6.6 Ee eee 28.9 0.6 31.2 
BEE. syure grew ie: hea ; jhe 0.2 13.9 Se ne sn bce ea vob ROO 53.1 1.0 57.4 
RRR are oe | a 0.8 77.5 SM ork. 5 50s 2 cr bes ogc oo OE 1.5 0.1 1.7 
Se eee 0.3 | 0.1 0.4 of ER eG Mees 2.1 Be 2.3 

= Cs 0.4 er 0.5 Cot Se, ny 0.1 
*Mol Percent. 
tLiquid Volume Percent. 
tMol percent from breakup of true-boiling-point curves. 
All liquid quantities are in standard barrels (42 U. S. gallons) per day. 
All vapor quantities are in thousands of standard (60° F. and 14.7 psi abs.) cubic feet per day. 
In cases where the overhead is taken as vapor, a partial condenser is indicated by the symbol ()). 
In general, the feed plate location was unknown, as several feed nozzles existed on each tower and 
data failed to record which valve was open. 
Reflux drum pressures approximately (+3) 10 psi less than tower pressures. 
a Se 
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DATA—SECTION | (Continued) 












































| 
TOWER Stabilizer TOWER Stabilizer 
Number of Plates............... SN Sa ag 16 Number of Plates............ SPD sie eta ss 16 
Plate Spacing (Plates 1-8)... . eae ay 24” Plate Spacing (Plates 1-8).................... 24” 
+e wae Seams (Plates 9- RR eer: 30” Plate Spacing (Plates 9-16)............ ests 30” 
iameter....... ie 6’-0” Tower Diameter......... as a Peek We 6’-0” 
Sad Pressure. . Fithe s gike.d 342 psi gage Tower Pressure.......... : PME Auten ats” 351 psi gage 
Tower Top Temperature HE eens : 179 °F. Tower Top Temperature..... GA Pace Oncaea 180 °F. 
Tower Bottom Temperature. a a are 444 °F. Tower Bottom Temperature.................. 446 °F. 
Feed Temperature...... ieghe oes 277 °F. Feed Temperature....... ‘deca’ prttlevek yon oeiecee 334 °F. 
ST 05 diaceiets 0.0 : nnd 17,100 BPD og ae ane ee 16,820 BPD 
Overhead Product Rate -" py 2 ‘ 6.410 MCF/Day (p) Ovestend Pro@act-Rate:............06... 0000 5,720 iron (p | 
Bottoms Product Rate..... ahmed ; ...-| 12,720 BPD Bottome Product Rate... 2... i ce cc cee 13,100 B } 
Pumpback Reflux Rate. FE dat 2 oe Ss 17,000 BPD Paumpuaek Tetum Rate... i... 5.5... cc end 11,600 BPD 
Ce+ Molecular Weight............... waleetl 112 Ce Deere WOE wr. i red che dines 114 
le NE SE eee ee ee 79.0 °API EE EER ae 77.5 °API - 
COMPOSITION Feedt |Overhead*| Bottomst COMPOSITION Feedt |Overhead*| Bottomst+ ( 
Be ccd 3.4 24.4 rae Maia oc oF Neos wk « 4 Ree 2.5 18.8 a? 
_ EARS 3.8 17.5 0.2 MR os ono a lathe 5.2 26.3 ir 
rons tbs obs 9.1 38.1 8.8 Ree 9.5 43.1 0.1 
| es 4 Se sedan aie 14.1 25.0 13.7 i eee ‘ 8.3 11.8 6.8 
Rie sae ee 10.9 2.2 77.3 Cz. ;.. | 10.0 12.6 
RR ALE a ng SRR aa ae gpes 58.7 | P Ce+ 64.3 80.5 - 














NOTE: Plates are numbered from top of tower. 


NOTE: Plates are numbered from top of tower. 











































































































é | 
TOWER | Stabilizer TOWER Stabilizer ss 
Number of Plates.. Regt gh 16 Number of Plates..... BA biG, ROAST ee 16 
Plate Spacing (Plates 1-8). ORES oe 24” Plate Spacing (Plates 1-8)....... Siac esenties 24” : 
Plate Spacing sete 9-16). Sects tere 30” Plate Spacing (Plates 9- | Se PO eee ie 30” ; 
pc eee A Coes: 6’-0” Tower Diameter........... ne Cees 6’-0” ‘ 
Tower Pressure...... rene 348 psi gage Ss da cesedisewaaes feet 335 psi gage 7 
Tower Top Temnerature. + as 185 °F. Tower Top Temperature............. Le fe 179 °F. ( 
Tower Bo‘tom Temperature. Pe ei ite oh cide ail 453 °F. Tower Bottom > -lamaaial ox EN eerie « 448 °F. C 
Feed Temperature............ eee 324 °F. Feed Temperature. . RI a ni eae od ait bh ee 281 °F. 
Feed Rate....... a Po ae 17,420 BPD 1 eae : ogi 16,050 BPD : 
Overhead Product Rate bh cteta 5,640 MCF/Day (?) UII NEE TEED. 6 oss ok chicc ccc taddas 6,010 MCF/Day ()) C 
DO ee .| 13,420 BPD Bottoms Product Rate..... Hat Secunia s ee 12,900 BPD ~~ 
Pumpback Reflux Rate... , ..| 13,820 BPD Pumpback Reflux Rate..................c00e- 15,200 BPD C 
Ce+ Molecular cnnean ; pies od 113 Coe-+ Molecular Weight... . ... 2... cc cece 113 my 
Feed Gravity.. . Ae PTE eae er Tee 77.3 °API ELE OE erp rs + 76.6 API : 
COMPOSITION Feedt |Overhead*) Bottomst COMPOSITION Feedt |Overhead*} Bottomst ¢ 
hoes 1.3 10.0 <a pn Ee he ppl PR. ¢ ha Pree 1.7 11.9 Spl C 
m.) 4.5 | a Sees Cs... 4.2 21.9 te Cc 
e;.> 3 - 10.5 46.1 | 0.2 0, A Pek ret tare 9.9 45.5 0.1 C 
| = ae 13.4 15.3 | 10.1 AEC DAS 3 REELS Se Oe 12.9 20.7 7.4 Cc 
| SE er eee sree ee | 10.6 } Ry hy 13.9 Ry BAO ere nie 10.9 13.5 Cc 
| | ROE SES GS ara Oe 75.8 Ce+ 60.4 79.0 C 
| NOTE: Plates are numbered from top of tower. NOTE: Plates are numbered from top’ of tower. _ 
| 
| 
| TOWER | - Debutanizer TOWER Debutanizer J 
1 
H | 
Number of Plates... Pan gas’ 24 Number of Plates... .. ie ier oot ERY 24 pa 
Plate Spacing. j ‘ Weiss | 30” a!!! Ee ee ee caegen 30” T 
Tower Diameter....... ; 6’-0” SS os ee en sc Nx awickd ee fen 6’-0” Ty 
Tower Pressure. . Re et 132 nsi gage Tower Pressure. . é yee eer errar. 131 psi gage qT 
Tower Top Temperature gixe RARE 156 °F. Tower Top Temperature. ASP eh eee eee ee 156 °F. Ty 
Tower Bottom Temperature 392 °F. Tower Bottom Temperature. vr 95 tS 388 °F. Fe 
Feed Temperature... . eee ee), 267 °F. Feed Temperature.......... Or 346 °F. Fe 
4 = SE | 11,916 BPD Wile WOES. cs. 55s... ss OES xk aah eee ead 8,773 BPD Ov 
Overhead Product Rate..... ; : eseees| Sa ae Bg | 1,603 BPD Ba 
Bottoms Product Rate. . 7,490 BPD Bottoms Product Rate.................... ..| 7,170 BPD Pe 
Pumpback Reflux Rate.. soa .| 11,180 BPD Pumpback Refer Rates: ...... AE eee 11.170 BPD Cy 
Cot Molecular Weight ay ; 164 Ce+ Molecular Weight........... oad oie 157 Ce 
Ce+ Gravity......... SE Ee EE | 41.7 °API ONS Sh i a ee eRe 43.5 °API ome 
COMPOSITION Feed* |Overhead*} Bottoms* COMPOSITION Feed* |Overhead*} Bottoms* a 
OU. ad ondDes 1.7 3.4 _~ agg eale eaag SBaaeapae edig 0.7 2.2 ea & 
Cc 11.4 22.3 RSE ot en oe Ee 5.6 20.4 C 
Ca= | 6.2 11.2 ag 0 1 STI GARRY, pe SURE MORN Soy’ Perea eee: 6.6 17.1 2.3 ic, 
Ca 33.8 62.4 3.5 i. 21.8 60.1 4.8 ne 
aE BE Sep RR Sle ee een 1.1 0.3 2.0 ee be), Cee Se ae ee 3.9 0.1 5.4 Ce. 
SR ay dave eS IE SE f:.4 0.4 12.6 BS hh sicn ee ale oda tte eae 3.4 0.1 4.8 = 
Sabana BAP Te (Al ane BS |. TRAGER Re TG Pai Rane | 58.0 Pike 82.7 
*Mol Percent. 
tLiquid Volume Percent. 
tMol percent from breakup of true-boiling-point curves. 
All liquid quantities are in standard barrels (42 U. S. gallons) per day. 
All vapor quantities are in thousands of standard (60° F. and 14.7 psi abs.) cubic feet per day. 
In cases where the overhead is taken as vapor, a partial condenser is indicated by the symbol ()p). 
In general, the feed plate location was unknown, as several feed nozzles existed on each tower and 
data failed to record which valve was open. 
Reflux drum pressures approximately (+3) 10 psi less than tower pressures. 
en = 
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DATA—SECTION I (Continued) 
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TOWER Stabilizer TOWER Stabilizer 
I eo kiss so 8 ois, Ce sae Sa 16 DEAE OE Ta. ins :5'n 5-0'0.025 660 ba cb wee Ss 16 
Plate Spacing (Plates 1-8)... ...........022008- 24” Pinte Spacing (Pintes 268). gsi e. eee oc eet 24” 
Plate Spacing (Plates 9-16)................... 30” Plate Spacing (Plates 9-16).................. 30” 
aN RE ree ore errr ek 6’-0” SO I Skink cal les ae AS 55s40s 8S pace 6’-0” 
NE Soh 5S os. 2s 4b amd. 3 0 aw ow Pec ooo 351 psi gage peo gt RR TE oe ery rare gr ee 332 psi gage 
Tower Top Temperature................0004-. 180 °F. Tower Top Temperature...............0.0000 181 °F. 
Tower Bottom Temperature.................. 446 °F. Tower Bottom Temperature.................. 448 °F. 
ss 3 5s cige: 00:65 Sd Oeuie-o eed 334 °F. UE IIE ¢ 0.6 0.9 5 0c co 00 6 4, 5.0 vies 0 agiaveiee 277 °F. 
Re A I ee ae ee te 16,820 BPD I is te eh A sins as ails gaa 15,100 BPD 
ee BT ee ere ee rere. 5,720 MCF /Day (?) Overinend Pradaact Pat. soos cine ss ccccceeaen 6,390 MCF/Day (p) 
Bottoms Product Rate...................-,--| 13,100 BPD Oe ee ere 12,180 BPD 
Pompheck Moeflrx Bate. .. 26.6 ccccccsceces 11,600 BPD pe a err ae 14,900 BPD 
Ce+ Molecular Weight.................005- 114 Co+ Molecular Weight....................-. 112 
EIST rere re ae 77.5 °API EE eo ga ks wi cath ts a's -okte cis dee a 78.0 ° API 
COMPOSITION Feedt |Overhead*| Bottomst COMPOSITION Feedt |Overhead*| Bottomst 
Es cs cck cis BAGS ARSE eRe 2.5 18.8 Se5% Re So hone eee see 1.1 17.7 ADs 
RT IE ee hee I 5.2 26.3 = Bis is ck ska ciatbasnechycss We eeeeees 3.7 26.0 are 
Res 1... adien Seis wince cane ea 9.5 43.1 0.1 We is edn Hes ba AER 9.4 46.6 0.1 
eG RPO ES Fe h FEOF OOF ah BEEF 83 11.8 6.8 A ERR RES CE POE ROPE LE Cie 13.8 9.7 8.7 
Se et ape eens eee 10.0 ee 12.6 Me a5 5,5 Wienges Suncaselk cb lat aia ee 13.3 ae 16.1 
Ce+ 64.3 80.5 0 SPP AER ree eR RIE ORG 58.7 74.1 
NOTE: Plates are numbered from top of tower. NOTE: Plates are numbered from top of tower. 
TOWER Kerosene Stripper TOWER Kerosene Stripper 
Number of Plates... .. Oth S grad hl dea eae oe Pe 4 pT 6 SS aie re ie een re el 4 
Plate Spacing........ Ped ee eee eteecreecees _ 30” yO ENS SE Tae ee eee ee 30” 
ee Serer seas cn eg Be Sarees Cee ee er 5’-0” 
Tower Pressure........... see ery ex ee fee. 53.2 psi gage pe en ee a, Bo Pe pea yee 54 psi gage 
Tower Top Temperature..............0...-00- 456 °F. Tower Top Temperature..................... *, 450 °F. 
Tower Bottom Temperature.................+. 411 °F. Tower Bottom Temperature.................. 444 °F, 
ee Pe Oe OL EE ee 6,084 BPD CN soled ob dk cE biela Socata 6,511 BPD 
Pees meee TEMS. os ws ce cee enceses ees p 780 BPD Overiiead Product Rate... .........c.sccccuse 1,319 BPD 
Ie UNOS UNO S60 53! s 5.6.00 sioner ....| 5,304 BPD ee SSE SP ere eee 5,192 BPD 
I hs ts id wand hat. cid yrcle ka aia Ma i 624 th/hr. NIN 55. so al Wears 8.6.03 Rigo 5,2, 4.0 oie se wee te Hae 1,469 tb/hr 
Charge Temperature. ......-....- rie scie st SOs Rg ee OL ee nn 485 °F. 
COMPOSITION Charget |Overheadj} Bottomst COMPOSITION Charget |Overheadt) Bottomst 
Ce. 1.0 6.0 pana OO Paws | OS |e 2.0 12.5 eee 
OSC pre ere er re 1.5 11.5 ae I i ona, hia kil dock, oc sd pe 3.0 0 WLS 
Ry BR ABE etal tide ee Perea et Pe! 3.0 10.5 2.2 Piss oan vet wwce pace heen scenes 3.5 8.5 2.1 
RR EE ea ae. 3.5 10.0 2.0 eG Sen eee eae Se rE cee Sy 5.5 13.0 4.5 
EE: See Oe ee een ae 7.0 14.5 5.5 Pesan  Ste Ses SR pe Pind geass 10.0 14.0 . 9.5 
ML nas asdthoc tk ofntt hs xditenaa aural 12.0 13.5 11.8 ete 5s rodents Seed 16.0 17.0 16.5 
Ci2 18.0 16.5 17.3 _ ey a, tah Pane Steines AP fie 19 22.5 12.5 25.0 
RAS CMS ee ere ara Meare 18.0 8.5 19.0 Ie a MN) MON A Set Be ay op Me 13.5 | 8.0 18.5 
Et POR Sate Taner 21.0 5.0 23.3 a6 ss fect oe Re aioe tn ce oes 16.0 | 5.0 18.0 
PR gins, vwctcsts eit hina cco solace Siem hex 13.0 3.5 | 14.6 OF I Oe er 8.0 | 1.0 9.0 
ee wre . ee 0.5 | 137 
— ——— TOWER Debutanizer 
TO Deisopentanizer 
_— ns > crag oc ep RE ee 27 
Number of Plates............ See ansel 30 late Spacing. ............-.. see eee cece eeeee e 
Plate ine. ARE PRE SER ae ES 24” LR Se Be oer rie ere oot oO" 
Tower Diameter................ COEF: 4’-0” pI Oe OIE OO AE 101 psi gage 
Se ALE, 6 i clajsicceiecciemre. So50% 102 psi gage Tewer Top Temperature... 0... 0.0.5. c eee se. 170 °F. 
Tower Top Temperature.................2000- 65 °F. Tower Bottom Temperature................... 380 SF. 
Tower Bottom Temperature..............-.... 345 °F. POO BOMPCOMUTE. 566 oo. 8s 66 se Fede sn cee 300 °F. 
ne COREE, ts Seo bre oe eo S8 Ss 288 °F. ae Ce Le ESOS ERER SE eee 12,8E0 BPD 
Ee Se RIND he © akties he aes 12,490 BPD Overhead Product Rate... . 2.2.0.5... .ccseewees 3,660 BPD 
Overhead Product Rate............-.eceeeeeee 1,682 BPD ee | rere errr 9,190 BPD 
Bottoms Product Rate. ............ceceeeeees 10,808 BPD Pumpback Reflux Rate...............-+.+005 9,730 BPD 
Pumpback Reflux Rate.................0e000- 2.880 BPD Ce Molecular Weight............. pee eeeeens 120 
Ce+ Molecular Weight................---.--- 112 Ce +—120 Molecular Weight—Gravity ........ 50 °API a 
: ° 
i 6, os di ell od Shale 49.4 °API COMPOSITION Feed+ |Overhead*| Bottomst 
COMPOSITION Feed* |Overhead*| Bottomst C 3 09 
Boi Soe ald «ocee cr ee eea as s J Sach 
lis. 5 ee aae nin. Cateaeas capew es 1.0 10.5 ae OR REO he Re a eer ay 8h EG 15.8 61.2 0.1 
BEM. < «Calne ee ead ve eet sae it 10.4 70.6 5.9 Cs= SA Pcit ek sesee Sips Me oN 3.3 10.5 4.0 
Cs- 5.9 6.5 5.9 LS RNR Uk Cae ne GREE ar SIT Put vw 5.9 8.2 1.4 
iCs 3.5 8.8 2.3 eS IS RTD Sons ORE he ee RO 6.1 10.2 2.3 
Ds . <:0-atn pix SRR Bie hid See a mae 4.0 3.6 4.0 TS EAD ee nt erate Ae ie 67.6 PR 92.1 
Ce6+ 75.2 aes 81.9 
— NOTE: Bottom 11 plates of tower perforated. Volatility of Butane 
NOTE: Volatility of Butane cut equivalent to Butene —1. cut equivalent to Butene —1. 









*Mol Percent. 
*Liquid Volume Percent. 
tMol percent from breakup of true-boiling-point curves. 
All liquid quantities are in standard barrels (42 U. S. gallons) per day. 
All vapor quantities are in thousands of standard (60° F. and 14.7 psi abs.) cubic feet per day. 
In cases where the overhead is taken as vapor, a partial condenser is indicated by the symbol ()). 
In general, the feed plate location was unknown, as several feed nozzles existed on each tower and 
data failed to record which valve was open. 
Reflux drum pressures approximately (+3) 10 psi less than tower pressures. 








October, 19434 Gulf Publishing Company Publication {339} 


’ 


115 











DATA—SECTION II 


The Results of Calculations on the Data in this Section are not plotted in 
COLUMN I— 


Key Components 


Isobutane and Normal Butane 























Figure 1A, but ore presented in Table 4 





















































































































































IF 


Number of Plates.................. 16 
Plate Spacing 1-8 (from top).................. 24” } 
M.A S9S Cees vein o oes 6a dies 30” 
Teer SE. BS Ss wk t 6’-0” 
Column I has a partial condenser 
Ce+ Cut 
Molecular Weight............... 110 
ee SESS Pe rere Keats 52 °API 
Equilibrium Constant................... .8 XK for Heptane i 
Viscosity of C,+ Cut | 
Saybolt Thermo Centipoises | 
60°..... a 14.2 67 | 
I ah ee 10.1 44 
Use viscosity half way between Cs and Cog. 
The high viscosity is due to presence of a large amount of naphthenes. , 
Test | Test IV 
COLUMN I- COLUMN I— 
Tower Top Temperature 183 °F. Tower Top Temperature... 172 °F. = 
Tower Bottom Temperature 432 °F. Tower Bottom Temperature. . 436 °F. 
Tower Pressure.... 355 psig Tower Pressure............ 351 psig 
Reflux Drum Pressure 340 psig Reflux Drum Pressure... . . 334 psig 
Feed Temperature 322 °F. Feed Temperature....... 321 “F. 
Feed Rate..... ; 1,801.3 tt ee 1,971.1 = 
Overhead Product Rate. . 512.4 Overhead Product Rate. . 499.8 ( 
Bottoms Product Rate | 1,288.9 Bottoms Product Rate......... | 1,471.3 
Pumpback Reflux Rate © | 2,075 Pumeneck Menux Rate..................-4. | _2,310.0 
COMPOSITION | Feed Overhead | Bottoms COMPOSITION Feed | Overhead | Bottoms 
Ci ; | 94.5 94.5 | eee eee 85.3 | 85.3 
Ce | 22.6 22.6 Ce2— 19.1 19.1 
Co. | 146.8 146.8 Co 145.0 | 145.0 
C3= 63.6 63.6 Cs=— co 72.2 
C3 147.9 145.9 2.0 C3 147.5 143.2 4.3 _- 
iC4 101.4 19.0 82.4 iC4 38.9 13.5 25.4 C 
Ca= 36.1 9.7 26.4 Ce 114.7 15.0 99.7 ae 
nC4 97.3 10.3 87.0 nC4 128.3 6.5 121.8 C 
iCs 123.6 123.6 oe 30.8 30.8 C 
Cs ; oh 42.5 42.5 Cs= 131.8 131.8 C 
nCs5.. ; eee aan 80.0 80.0 CN ca eee N eno ON anc a5 wanna aca ern eae 94.5 94.5 C 
Cet+ ee a ....| 845.0 845.0 Cet+ 963.0 963.0 : 
= ae = co j 
All quantities in Mols per hour All quantities in Mols per hour . 
n 
Test ll Test V -: 
COLUMN I COLUMN I— 3 
Tower Top Temperature 173 °F. Tower Top Temperature. . 176 °F. Ae 
Tower Bottom Temperature. 434 °F. Tower Bottom Temperature 433 °F. 
Tower Pressure........... 355 psig Tower Pressure : : 349 psig 
Reflux Drum Pressure 340 psig Reflux Drum Pressure... .. 336 psig 
Feed Temperature ; 318 °F. Feed Temperature 321 °F. 
Feed Rate.... ; ..-| 1,887.5 4 ae : 1,838.7 
Overhead Product Rate “nd 520.5 Overhead Product Rate. 457.2 
Bottoms Product Rate -} 1,367.0 Bottoms Product Rate. 1,381.5 
Pemeneces Mmemux Mate...........--2+...s%- | 2,160.0 Pumpback Reflux Rate , : s 2,130.0 
COMPOSITION Feed | Overhead | Bottoms COMPOSITION | Feed | Overhead} Bottoms 
C1 | 1151 | 1151 | C1 78.2 
Ce ~ | 25.1 25.1 Ce= 17.5 
Ce. 157.5 157.5 Ce 125.5 
C3= 66.5 66.5 Vv C3= 73.5 
C3 136.4 132.2 4.2 Cay: 126.2 2.0 
4, 29.1 9.4 19.7 RRs Seto eer is a ee rae mdic om tea 11.8 16.7 
C4 122.4 8.4 114.0 Ce=x. 17.0 95.0 
nC4 123.9 6.3 117.6 ee | 7.5 115.1 
iCs 41.0 41.0 es... | 46.8 
Cs 105.0 105.0 Ca... | 120.1 
nC5 ; : 76.5 76.5 St ee 2. ; 82.8 
Cet+ ay ee idee a 889.0 889.0 Cet+ ; 903.0 | i | __ 903.0 
All quantities in Mols per hour All quantities in Mols per hour 
Test ill Test VI 
COLUMN I— COLUMN I— 
Tower Top Temperature... 167 °F. Tower Top Temperature..... 180 °F =. 
Tower Bottom Temperature 437 °F. Tower Bottom Temperature 429 °F. cc 
Tower Pressure , al 355 psig Se Regie iether a 352 psig oe 
Reflux Drum Pressure 340 psig Reflux Drum Pressure... 336 psig . 
Feed Temperature. 319 °F. ne eR te 316 °F. 
Feed Rate.:.......... | 1,819.2 6! Sa Sigal acrnvuos ates | 1,810.7 j 
Overhead Product Rate 453.2 Overhead Product Rate... ... 2.2 8c ceca 546.2 I 
Bottoms Product Rate. . 1,366.0 Mettome Pramect Rate. ..\..... ccc cs esau, 1,264.5 ] 
Pumpback Reflux Rate owas 2,180.0 Pumoieck Re@ux Rate. ;... «2-553 0-5 2,040.0 ( 
COMPOSITION | Feed Overhead Bottoms COMPOSITION Feed Overhead | Bottoms I 
ae a 
C1 | 62.6 62.6 C1 110.0 110.0 CO 
Com | 16.8 16.8 ee 32.1 32.1 | Res 
Ce 125.1 125.1 rie Ce 148.8 148.8 | C3 
C3 65.4 65.4 | on er rea were 77.4 77.4 | a iC, 
C3 143.1 | eer Deep ciintetince dibs bonnie aig eS 139.6 133.9 | if C, 
iC4.. | = 102.5 79.9 | 22.6 e:....; 28.5 12.2 | 16.3 nC. 
Co= 106.9 10.4 96.5 ede irs tc teeedt § gad iris ak AED aha 404.3 23.3 81.0 iC, 
nC4 | 116.5 8.9 107.6 EK ohh a tkine a+ hehonann's 105.9 8.5 97.4 Cs 
iCs.. 50.5 1.2 49.3 iCs... Ee 19.4 nC, 
Cs= ry 81.3 i 81.3 "PASS RS TREAT SINE Spent ete Sh ite 120.2 Ce. 
ie... 2, ‘A a Tet 73 apeehtte 110.7 rk eb ic ae hal eee + Se Segetey 78.5 = 
Co+ | __ 898.0 898.0 SERRE NPI RY sh GPRS __816.0__ 
All quantities in Mols per hour All quantities in Mols per hour ae] hades 
y Oct , 
) 0 
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DATA—SECTION II (Continued) 
Test Vil Test IX 
“COLUMN I— COLUMN I— 
fower Top, femperature..... 60 55 2 a GS 167 °F. Tower Top Temperature.................... 167 °F. 
lower Bottom sc aeeemmamneta ; Cees uit ree 437 °F. Tower Bottom Temperature................ 436 °F. 
lower Pressure. . : lg See? Be, Sede es be psig I I g's o1 Fionn ola.y Gioicenla Weaibass, a 350 psig 
Reflux Drum Pressure. . ta ee a 7 oe ore Ee er train 335 psig 
SR ee cmry eae | 319 ON IRENE, Ys. sic. cook as santas vets 322 °F. 
aeons SR AR ee ..| 2,055.8 I ADE Nass av ke hae oa ppebcelas 1,684.3 
Overhead Product Rate........... iq 504.1 amie wee 08 Soo sc bac cones 425.7 
Bottoms Product Rate.............. ak. ee Bottoms Product Rate..................0:: 1,258.6 
8 8 een ere | 2,445.0 Pumabetk Metut Mate... 5... 5 ike. onienn' 1,980.0 
COMPOSITION | Feed | Overhead | Bottoms COMPOSITION Feed Overhead | Bottoms 
( |. a. Meet. 37. ” MPR ISR es apne ATS ae 81.0 > ie ganas: 
Ce VRATS 23.9 23.9 | age cs ie Penh Ou eee 29.7 DOF ig 
Ce yee ete 68.2 .| 1982 + a sigs ioc RG OH ars SS RAINE Pe | 125.8 ES Sas 
> ie, 75.2 75.2 a C3= sae 54.8 54.8 
C: & wit ae 135.1 | 9.5 ROBINS << 45 5 EMG wn Se th ca eee = 2 Fh eres 
inva ; Sia oe | 34.4 17.8 | 16.6 WG ¥ ind 4: dk sare awa Dee eat 34.1 15.3 18.8 
C4 ark 112.5 14.0 | 98.5 RGR os sw dain hh os obtusa atte ods Steln cs | 103.3 22.9 | 80.4 
nC 4 ra 110.4 10.8 100.0 «SS ERA oe ee 105.8 8.2 | 97.5 
iC 5 54.3 54.3 aR eater orn pan Fatt rein rey epee 43.2 
Cs ai bs peels 138.4 138.4 RRS asa w eA tse oS Rare bed cla Liar oe 125.1 125.1 
nC5 DIRS Cage hose 86.4 86.4 Re oi igs 5 > ee eee eee eee Be Brees. 53.6 
Co +. ee re: 1048.0 1048.0 a are a pra DR eee ae he SE eee | 840.0 
All quantities in Mols per hour All quantities in Mols per hour 
Test Vill Test X 
“COLUMN I— ie COLUMN I— 
Tower Top Temperature. . ae 175 °F. Tews Tae Tetras 66a ik i 172 °F. 
Tower Bottom Temperature..... 435 °F. Tower Bottom Temperature................. 435 °F. 
Tower Pressure. . ons 348 psig Ty DNS 0 5s hee Mee Sint ialocde 348 psig 
Reflux Drum Pressure 334 psig ene ae Se ey Sir 334 pais 
Feed Temperature 316 °F. a Serene a 320 
Feed Rate 1,718.2 OS RES yee ee ee ee Se 1703, 
Overhead Product Rate.. 443.8 Overhead Product Rate. ......:......05.ce6s% 433.5 
Bottoms Product Rate. 1,274.4 rar re 1,300.8 
Pumpback Reflux Rate ee 2,005.0 ie | ee re 2,055.0 
COMPOSITION | Feed | Overhead| Bottoms COMPOSITION Feed, | Overhead | Bottoms 
c; | = 81.5 i eae: Cot oaicss Ss Ce 77.5 oe Pe eee 
Cs | 26.3 26.3 ie "i A RECS «2 NO oe” SS Sata I 23.8 RS eee si 
Ce 108.9 108.9 | a Sete oY Sid ce Ray Eitan ee 116.0 IBD Fotis 
C3 105.1 105.1 | baa oY SS res Coe! Varian Bae OSs Ree AT Ce 77.5 yy @ Be ee 
Cs 97.0 oi 10.9 ER Da PAR eo bon bab oat 7) urn tet sh 105.9 100.9 | 5.0 
iC 4 20.6 9.4 | 11.2 iC4 19.7 9.3 | 10.4 
C4 98.7 18.3 80.4 oy ee aimee fh wie ones g esiyiy? pr) (ate 106.1 19.1 87.0 
nC 4 106.0 8.2 97.8 Mba i6ss Litni cto ee 112.7 94 | 103.3 
iC 31.3 31.3 ines: oad cstewin erated wipes eas 43.6 43.6 
Cs 82.0 82.0 af eT I ee Ree Lear 127.0 127.0 
nC5 70.8 70.8 WE Bsiss Sos ates je datos hh eee 4 ae Res 51.5 
SEE Ore es __ 890.0 890.0 RS SEER ese ee | _ 873.0 | _ 873.0 
All quantities in Mols per hour All quantities in Mols per hour 
COLUMN II— 
Key Components 
Isopentane and Normal Pentane 
Number of Plates.......... : ' 27 
Pinte Geecwme.. .<.........; iy 24” 
OEE TIE. wie 5 pees Sewe'es 6’—0” 
Column II has a total condenser 
The lower 11 plates are perforated 
Ce+ Cut 
Molecular Weight . 110 
Gravity. 52 °API 
Equilibrium Comtents: 208s 1k. .8 XK for Heptane 
Viscosity of C,+ Cut 
Saybolt Thermo Centipoises 
60°. (ARE EA 14.2 67 
TE Pee 10.1 44 
Use viscosity halfway between Cs and Co. 
The high viscosity is due to presence of a large amount of naphthenes. 
Test | Test ll 
COLUMN II— COLUMN li— ‘ 
Tower Top Temperature.............. 153 °F. Tower Top Temperature... . 6. 62 sects sc. thes 159 °F. 
lower Bottom Temperature 335 °F. Tower Bottom Temperature................ } 343 °F. 
lower Pressure....... a 84 pei gee iol = “es 
Reflux Drum Pressure.............. : 72 p Wee Drei PROGGUre... «oo ea bine ‘ 
Feed Temperature................ : ; 300 rF. vat 355 psig) Feed Temperature. . , ie 300 F. “at 355 psig) 
ne od Rate.. eee , 1,288. i SE ee re eee ; 1,367.0 
erhead Product Rate. . sae 221. 3 Bottoms Product EERE NS AS 73 Wat aa ,094.7 
Be toms Progect Rate. :........--..- 1,067.6 Overient® Progict Rate... i... . os bcncciesce as | 272.3 
Pumpback Reflux Rate................ a eee Pence MEE MO oon. oan 5 ow aie te A ce osdne 1,161.0 
RPM PONTOON: 2256055 58 co bwcts | Feed Overhead | Bottoms COMPOSITION Feed Overhead | Bottoms 
Ca 2.0 Se er Se PSP Sat CT a CTR 7 4.2 rere ER 
— RR oe ee Ree 82.4 a Nae nes iC4 19.7 Tits pices 
ER ans ee 26.4 26.4 ae Cites so5% eed: ba va SEAR eo es 114.0 | 1140 | ...... 
nC 4 87.0 85.6 1.4 ORS Sag OPE Ser | ee ae 117.6 | 108.7 8.9 
iCs 123.6 11.0 112.6 OSE Die opines aries * Sipe | 41.0 95 |. 31.5 
SE. . ie Da Seabed an telah bts need enatoudd 42.5 9.7 32.8 oD at 105.0 12.8 92.2 
nC» i eee ae 80.0 | 4,2 75.8 OT Egret Wem i ae Hulten ast OR eee 76.5 34 | 73.1 
Le+ [a See 845.0 CR eo a) coubl te ease Cee gs9.0 | ...... | 889.0 
All quantities in Mols per hour All quantities in Mols per hour 
“tied 
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DATA—SECTION II (Continued) 
















































































































































































Test ill Test Vil 
COLUMN II— COLUMN II— | 
Tower Top Temperature. cue Logaaees 160 °F. Tower Top Temperature.... : 163 °F. 
Tower Bottom emperature. veeee eee eeeeees 347 °F. Tower Bottom Temperature............. | 345 °F. 
Tower Pressure. . . 80 psig CO 0 ieee Reve eer psig 
Reflux Drum Pressure...................... 65 A} ee en eee eee eee 3 psig 
Feed ee anes F. (at 350 psig) Feed Temperature........ seep ee 300 i (at 356 psig) 
Feed Rate............ ee ee 1,368.0 I ee he og aoe wine's RAR 1,551. 
Overhead Product Rate.................00. 252.9 Overhead Product Rate................. i 275. 5 
Bottoms Product Rate..................... 1,113.1 Bottoms Product Rate................... .| 1,276.4 
TN I os sin op is 1,110.0 Pumpback Reflux Rate..................... | 1,071.0 
COMPOSITION | Feed | Overhead | Bottoms COMPOSITION Feed | Overhead | Bottoms 
iC4... 22.6 20.7 1.9 Wace Sg GR cot IL el ea A 9.5 9.5 
Ca=.. 96.5 91.9 | 4.6 Ne a ata a Fs kuade nocd 4 ound eee 16.6 13.2 | 3.4 
MR ee Cyd See Serer 107.6 103.0 4.6 A A ia RAR, So A ES BO 98.5 | 81.2 | 17.3 
iCs. 49.3 10.9 38.4 es Se: te aL 2 100.0 87.0 | 12.3 
Cs= 81.3 20.8 60.5 OS ROS Lk Coad 54.3 28.9 25.4 
nCs5 110.7 5.6 105.1 Ree SO. oi ees ats 138.4 | 41.6 | 96.8 
eee |__ 898.0 _.|_. 898.0 Sanaa LISS Re CS oy idle 86.4 | 132 | 732 
aie SRSA) RE A So ee ae ee eee ae 
All quantities in Mols per hour = 
All quantities in Mols per hour 
Test Iv Test Vill 
COLUMN IIl— (gin COLUMN II— 
Tower Top Temperature 162 °F. Tower Top Temperature... . 157 °F. 
Tower Bottom  atepetepgata ae 344 °F. Tower Bottom Temperature 352 °F. 
Tower Pressure. . , : | * _ Cg See oases 86 eas 
Reflux Drum Pressure. . +f 00 Bre Reflux Drum Pressure... .. See 72 p 
Feed Temperature. . . (at 351 psig) Feed Temperature........ 300 oF. Yat 348 psig) 
Feed Rate. “po al a7. 2 eee ..| 1,274.4 
Overhead Product Rate sees 268.4 Overhead Product Rate........... seach | ee 
Bottoms Product Rate. seeeeeeses| 1,202.9 Bottoms Product Rate............... wasp Iie 
Pumpback Reflux Rate... ..... _...|__ 1,119.0 Pumpback Reflux Rate.................. ..| 1,059.0 
COMPOSITION | Feed | Overhead | Bottoms COMPOSITION Feed | Overhead! Bottoms 
Cs. 4.3 + et eee ree Cc 10.9 10.9 | 
iC4. 25.4 25.4 mae iCs 11.2 11.2 Yo 
C4= 99.7 91.0 8.7 ’ 80.4 80.4 | - 
nC4 121.8 108.5 13.3 nCa. 97.8 | 86.3 | 11.5 
iCs. 30.8 | 10.0 20.8 Cs. 31.3 10.7 | 20.6 
Cs= 131.8 | 22.2 | 109.6 ae 82.0 | 178 | 64.2 
nCs5 ey een ; Vic bal 94.5 | 7.0 | 87.5 nCs5 70.8 | a7 | 66.1 
Cet. nA rer sea aail 963.0 | ; 963.0 Cat 890.0 890.0 
All quantities in Mols per hour All quantities in Mols per hour 
Test V Test IX 
COLUMN II— COLUMN II— 
Tower Top Temperature... oat 164 °F. Tower Top Temperature.......... ey 160 °F. 
Tower Bottom Temperature eas 141 °F. Tower Bottom Temperature......... 353 OF. 
Tower Pressure. . ‘ | 77 psig Tower Pressure........... 4 psig 
Reflux Drum Pressure........ at 58 psig i Te. cs cewscbeeees so ape 
Feed Temperature. ... | 300 °F. (at 349 psig) Feed Temperature...... at 350 psig) 
Feed Rate........ errrel By Se SOS 1238.6 
Overhead Product Rate... ih titel 248.1 Overhead Product Rate... 238.3 
Bottoms Product Rate. ..... ea, SE SAT. | 1,133.5 eS OO ee 1,020.3 
Pumpback Reflux Rate... ; - 1,090.0 Pemmenecs Meter Tate... .... 2. esccsess- 1,162.0 
COMPOSITION Feed Overhead | Bottoms COMPOSITION Feed | Overhead | Bottoms 
Cs. 2.0 2.0 | See ag Pines RG Pere ‘4 
iC« 16.7 Se aaa <<... BAe 18.8 | 18.8 ‘3 
SSE ae ak eee a ae 95.0 95.0 anes C4=.. ar heey 80.4 | 80.4 F 
nC4 } 115.1 100.0 15.1 oe Start a ; 97.5 | 90.5 7.0 
iCs 46.8 13.1 33.7 és... eee OP 43.2 | 14.1 29.7 
Cs=— 120.1 16.2 103.9 Cs= Seeds Capita 125.1 30.5 94.6 
nCs 82. 5.0 77.8 nCs5... 53.6 | 4.0 49.6 
Ce+ a 903.0 903.0 Res Sree herrea neee 840.0 as 840.0 
All quantities in Mols per hour All quantities in Mols per hour 
Test VI Test X 
COLUMN II— | COLUMN II—— | 
Tower Top Temperature.... ea 161 °F. Tower Top Temperature..... SSatcige roe a ste 161 °F. 
Tower Bottom Temperature... Le cake teen 347 °F. Tower Bottom Temperature................. 347 °F. 
Tower Pressure.......... ; ere | 86 psig TE IES 6 ono oe in oon Fo 0 wire c0.0 sa is Oe 78 psig 
Refiux Drum Pressure. and 5 ahaa abet | 68 ps sig Reflux Drum Pressure.................:.0: 62 psig 
A OE I | 300 °F. (at 352 psig) Feed Temperature...... eee AAS Re 300 °F. (at 348 psig) 
nig og kh balene's bs oe 6:0 6 1,264.5 TE NE es os dng od cicligaoe é 1,300.0 
Overhead Product Rate... 1... 22.2222122: | "236.5 Overhead Product Rate... SERIE 268.6 
Bottoms Product Rate..................0. | 1,028.0 Bottoms Product Rate...............2.005. 1,032.2 
Pumpback Reflux Rate..................... 1,065.0 Pumpbeck Reflux Rate................:.... 1,031.0 
COMPOSITION Feed | Overhead Bottoms COMPOSITION Feed Overhead | Bottoms 
Cs... 5.7 | cre ogy Siig Lari vtiencihyyicte-epwesaits 5.0 5.0 
a 16.3 | 16.3 ae cise bia abe ¢ Ss 10.4 10.4 
Csa=.. 81.0 81.0 a EL cs n> Piles hates eee es 87.0 87.0 ; 
NE ARS Se slg DENY Coc holcaels 97.4 | 91.4 6.0 7 REE IEE D | het ene erty 103.3 99.0 £.3 
Peis SEIN is oie.w owe k 49.4 | 17.0 32.3 MMs hed Dede das cca pew a Rca meee 43.6 24.2 19.4 
RE ie EE Cc tae awh acess 120.2 19.0 101.2 SMR. &. 5 has sins ook ewes 127.0 32.9 94.1 
roe et, ia. nig eek «6 78.5 6.0 | 72.5 0 SERS POE Crea are sk, eee 51.5 10.1 41.4 
a hs iis oa as aks i «i ee | 816.0 SES Pee ey et ND 873.0 ae 373.0__ 
































All quantities in Mols per hour 





All quantities in Mols per hour 
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B. M. 


Automatic Process Control 
And Cycle Timers 


MILLS 





Petroleun and Chemical Section, Industrial Engineering Division 
General Electric Company 


eee crackers and reformers of the fixed 
bed or static type used in production of high-octane 
gasoline, toluene, and butadiene, require re-activation 
of the catalyst at regular intervals. In a typical pro- 
cess, catalyst regeneration in a given re-action vessel 
(or “reactor’”’) is required after a predetermined time 
on stream and includes: (1) diversion of the stock 
feed; (2) admission of purging steam or gas; (3) ad- 
mission A air- or oxygen- containing flue gas to burn 
off the coke, and (4) air purge, after which, the unit 
is ready to go on stream once more. 


This inherently batch operation is adapted for con- 
tinuous production by utilizing from two to six or 
more reaction vessels and switching the feed from 
one to another as the catalyst is spent. If the on- 
stream period is only one third of the total time of a 
cycle, a minimum of three reactors are required for 
continuous output. This is analagous to the operation 
of a multi-cylinder internal combustion engine, where 
the power output is intermittent from each cylinder 
but continuous at the shaft. 

These “fixed-bed” catalytic processes—and other 
processes having similar cycling requirements—in- 
volve the opening and closing of a large number of 
motor- or solenoid-operated valves and dampers at 
definite times and in a definitely recurring, complex 
sequence. To permit process changes, the schedules 
must be adjustable and re-arrangeable. 

In most plants, the job of control of valve operation 
is taken over by an electrically-operated timing sys- 
tem, as it early became evident that, even if the re- 
quired number of skilled operators were available, it 
would be humanly impossible for them to open and 
close the valves with the precise timing that the pro- 
cess demands for maximum output. Automatic pro- 
cess control reduces the required number of opera- 
tors, frees operators from much routine work, and 
may, through increased reliability and precise control 
of flow “traffic,” permit simplification of the piping 
layout and saving of materials. 

The heart of the automatic process control syster 
is the synchronous-motor-driven cycle timer, which 
is used in two basic types. Where only a few valves 
are to be controlled (approximately 8 or 10), the timer 
often consists of a motor-driven cam shaft with a 
cam for each switch and one or two cam-operated 
Switches for each valve. Each cam may be mechan- 
ically rotated with respect to the shaft and is set to 
close or to open the switch and consequently the 
valve which the switch controls, at the desired time 
intervals, depending on the initial adjustment of the 
cam and also on the process requirements. 

Where from 18 to 75, or more, valves are to be con- 
trolled, correspondingly more timer circuits are re- 
quired, interlocking requirements are usually more 
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complex, and greater speed and flexibility of adjust- 
ment are desirable. For units of this type—which this 
article discusses—another type of timer is used. This 
will be described in more detail later but basically it 
includes a large number of contact points or seg- 
ments (10 or more per valve), which are successively 
energized at regular intervals (usually 5 to 10 sec- 
onds), through a synchronous motor-driven traveling 
arm. The valve controls are plugged into some of 
these points so as to open and close each valve at the 
desired time intervals, which may be changed by 
shifting the flexible plug-in connectors to other 
points. 

While the variable-cycle timer is the heart of such 
a system of valve control, considerable other equip- 
ments such as valve operator reversing contactors, 
relays, position-indicating lights, auxiliary timers and 
selector switches, are involved in the complete, co- 
ordinated valve-control system, as discussed here. 


What the System Does 

The equipment, in general, performs the following 
functions: 

1. Opens or closes the proper valves and dampers 
at the proper time; 

2. Checks the position (as indicated by valve-limit 
switches) to make sure previous valve or valves have 
properly opened or closed before permitting next 
valve to open or close. 

3. Rings an alarm bell and shuts down timer (op- 
tional) if previous valve is not in correct position; 

4. Provides operator’s control panel with one-line 
diagram (when desired) of process, with indicating 
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Component parts of typical cycle-timer and valve operated control. 
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lights showing position of valves, and with control 
switches for manual operation; 

5. Provides means for adjusting time of process and 
rearranging sequence of events to suit new or un- 
foreseen conditions, such as change in process. 

Depending on process requirements, a complete 
cycle of operation may require from 20 minutes to 3 
hours, or more. The number of valves and other de- 
vices to be controlled may be from 18 to 75, or more. 
The timer has from 100 to 900 points, or timing inter- 
vals, and usually is provided with several extra gears 
which—with the dormant timers—permit changing 
the total time of a cycle over a wide range. 


What the System Is 

The component parts of the control (see Figure 1) 
include: 

1. Reversing contactors with fused switch or cir 
cuit breaker for each valve-operator motor control; 

2. Synchronous-motor-driven cycle-timer ; 

3. Interlocking and alarm relays; 

4. Valve-position indicating lights, with painted 
“dummy” flow chart when needed (see Figure 4) ; 

5. Auxiliary timers, usually referred to as dormant 
timers, to shut down main timer during periods when 
opening and closing of the valves are not required; 

6. Selector switches and push-buttons for emer- 
gency manual operation. 

For each motor-operated valve, there are provided 
forward and reverse contactors, mechanically and 
electrically interlocked, and having a fused switch or 
air circuit breaker and a temperature overload relay: 
These individual control panels are assembled in a 
compact, metal-enclosed housing as shown in Figure 2. 

In this enclosure are also mounted the control 








transformer, and incoming line and auxiliary circuit 
feeder breakers; and in addition, control units jor 
miscellaneous other motors, when required. 

Auxiliary rélays, selector switches, push-buttons, 
valve-position-indicating lights, and dormant timers 
may be mounted in or on a similar enclosure. Alter: 
natively, switches and auxiliary timers may be mount- 
ed on the refinery control board, in which-case they 
may be explosion-proof. The refinery control board, 
supplied by the user, includes temperature indicators 
and other devices essential to control of the whole 
process. 

Where the location is “hazardous,” an area behind 
the refinery control board is enclosed and ventilated, 
or sealed and kept under slight internal air pressure. 
This provides a non-hazardous location for the valve: 
operator control and other back-of-board equipment. 
Therefore, this equipment does not have to be explo- 
sion-proof. 

It should be understood that a 70-valve unit, for 
example, does not ordinarily require anywhere near 
70 valve-operator control units, as perhaps one half 
of these valves may be solenoid-operated and con- 
trolled directly from the timer or through latched-in 
relays. 

The Master Timer 

There are cycle-timers available in a number of 
sizes and arrangements to meet process requirements; 
the number of timing points or buttons ranges from 
100 to approximately 900. There is no fixed ratio be- 
tween the number of valves to be controlled and the 
number of timer points, but a study of 6 installations, 
selected at random, shows from 6 to 16 points per 
valve, with an average of 10 or more. 

The timers are arranged for mounting either back- 





FIGURE 2 


Dead-front Cabinetrol housing for individual control panels of the valve-operated control. 
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of-board or integral with the refinery control board, 
and are further designated as “rotary” or “vertical” 
type, according to the motion of the traveling arm 
and the arrangement of the segments: Figure:3:shows: 
a rear view of a typical “rotary” type timer for back- 
of-board mounting. Figure 4 shows a typical “rotary” 
type of timer for integral mounting. The choice of 
“rotary” or “vertical” type timers depends more on 
such factors as customer preference, duplication of 
previous installations, and manufacturing expediency 
than on any basic functional difference. 

Most cycle-timers have the following features: 

1. A terminal board for connection of the valve- 
operator or control leads to the timer ; 

2. Flexible leads (2 per valve plus extras for relays, 
etc.) with plug-type terminals for connection to de- 
sired timer points, to open or close the valve at the 
desired time corresponding to that point; 

3. 100 to 900 segments, arranged in vertical rows 
or concentric circles and connected to jacks. Each 
point is successively energized during a complete 
cycle by means of: 

(a) A traveling arm, synchronous-motor-driven 
through gears, and 

(b) A synchronized, cam-operated (quick-break) 
contact-making mechanism (driven by the same syn- 
chronous motor) which closes and then breaks the 
circuit when the arm is in the middle of each button. 
No circuits are made or broken at the timer button. 
This feature contributes greatly to long life of con- 


FIGURE 3 
type timer for back-of-board mounting. 


a“ 


Rear view of typical “rotary 


tacts and the elimination of “sneak” circuits ; 

4. A gear train arranged to provide change in time 
of cycle by change in the gear ratio; 

5. Provision for manual operation and for indica- 
tion of timer position, 

A 360-point timer, for example, geared for a 60- 


FIGURE 4 


Two-dio! “rotary timer” (left) integrally mounted with operator's control board, the latter containing 


valve position indicating lights, selector 


switches, and: flow diagram. 
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minute cycle, will energize 6 points per minute, one 
point being energized every 10 seconds. Thus, a valve 
control plugged to point 40 and to point 160, will 
close (or open) the valve in 6 minutes, 40 seconds, 
from the start of the cycle; and will open (or close) 
the valve 20 minutes later, or 26 minutes, 40 seconds 
from the start of the cycle, assuming no dormant 
timer relay takes control in the interim. 


How the Control System Works 

l‘igure 5 shows schematically the basic method of 
control of motor-driven valves. Connections are 
shown to only one reversing contactor for a typical 
valve-operator motor. This sketch does not show con- 
nection of dormant timers, necessary auxiliary relays, 
alarm relays, etc., but is merely intended to illustrate 
the basic functioning of the equipment. 

The operation is as follows. As the traveling arm 
of the timer moves from one segment of the timer to 
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Schematic showing basic method of control 
of motor-driven valve. 


FIGURE 5 


another, a synchronized auxiliary contact-making 
mechanism momentarily closes the circuit when the 
arm is in the middle of each button. Provided the in- 
terlock contacts—as shown in the sketch—are closed 
(indicating correct position of preceding valve or 
valves), the solenoid coil of the valve-operator con- 
tactor is energized, closing the contacts which estab- 
lish a circuit to the valve-operator motor in a direc- 
tion that causes this valve to start to open (or to 
close). 

When this contactor closes, the circuit to the sole- 
noid is established through the. “seal” circuit, thus 
keeping the contactor closed after the momentary 
contact in the timer has been broken. The valve- 
operator motor will then be energized and will con- 
tinue to operate until the valve has opened (or closed) 
causing limit switch (LS) on the valve to open. This 
breaks the circuit to the contactor solenoid, opening 
the contactor and shutting down the valve-operator 
motor. 

As the timer continues to travel from one segment 
to the next, other valves are opened (or closed) in the 
same manner, 

If, for any reason, the operator desires to operate 
the valves by hand control, a selector switch (not 
shown in the sketch) is thrown, transferring the con- 
trol of the valves in a given section from the timer to 
control switches or push-buttons which may be man- 
ually operated to control any desired valve. This se- 
lector switch may either by-pass or retain the se- 
quence interlock contacts, depending on process re- 
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quirements. When the interlock contacts are by- 
passed, any valve can be opened or closed at any time, 
out of usual sequence and independent of the position 
of other valves. If sequence interlocks are retained 
in the circuit after the selector switch is thrown 
to “manual-control” position, valves can be hand- 
controlled only in the same sequence, and under the 
same conditions as to position of preceding valves, 
as when under timer control. 

Other valves, not motor-operated, are opened or 
closed through solenoid-operated pilot valves which 
receive their impulses directly from the timer seg- 
ments or through latched-in type relays, instead of 
through the valve-operator contactors. 

The dormant or auxiliary timer, is a Telechron 
motor-driven time switch, with adjustable time set- 
tings ranging from 6 minutes maximum up to several 
hours maximum. 

The function of the dormant timers is to shut down 
the main timer during relatively long periods when 
no valve operations are required. The master timer 
may be re-started when the dormant timer “times 
out” or by means of pressure switch or other auxiliary 
control means. This arrangement permits not only 
simplifications of the main timer by greatly reducing 
the required number of segments, but it also provides 
a means of changing the total period of the cycle. 
Additional means of changing the total period of the 
cycle is supplied by means of change gears for the 
master timer, so that the total period required to 
travel over the segments of the master timer may be 
changed, and the time per segment correspondingly 
changed. 

The function of the interlocks is to prevent any 
given valve from being opened or closed unless the 
preceding valves are in the correct position. These 
interlocks may be either contacts in the limit switches 
integral with the valves, or contacts in a positioning 
relay, such as provided for use with the diaphragm 
valve. 

If, for any reason, a given valve has not opened or 
closed at a desired time as indicated by the setting of 
the timer, an alarm relay functions to light a light or 
to give other audible or visible indications. If the user 
prefers, it may also function to shut down the main 
timer. This gives the operator an opportunity to 
remedy the trouble before the cycle of operation is 
resumed. 

Conclusion 

In the early days of catalytic cracking, it was 
customary for the process consultant or the con- 
tractor to secure, piecemeal, the timer, relays, ind 
vidual valve-operator control units and other devices 
and then proceed to assemble and wire these com- 
ponents as an operating unit. Later, as requirements 
became more standardized and the advantages 0! 
factory coordination of equipment were realized, the 
unit construction illustrated in this article was widely 
adapted. 

In the enormous expansion of this type of plant to 
meet war requirements, the experience which the 
electrical industry had gained from these earlier 1 
stallations has made it possible to secure completely 
coordinated time-cycle valve control, with the usef, 
contractor, or process consultant sometimes supply- 
ing only functional specifications, valve operator data, 
and operation sequence data, thus saving considerable 
time and effort on the part of his engineering and 
drafting departments and usually resulting in a more 
compact and reliable operating unit. 
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Determination of Tetraethyl 








Lead in Gasoline 


LOUIS SCHWARTZ, Tide Water Associated Oil Company 


ii production of maximum quantities of high- 
octance aircraft-engine fuels necessitates the use of 
tetraethyl lead to the top limits of the permissible 
tetraethyl lead content. To facilitate the commercial 
blending of gasolines to these top limits, an accurate 
and rapid method for the determination of tetraethyl 
lead is required. 

The present ASTM method’ and the nitric acid 
extraction method proposed by Baldeschwieler? re- 
quire from 3 to 4 hours to complete a lead determina- 
tion. The number of tests that can be run at one 
time by the ASTM method is also limited by the 
extractors available. The disadvantages of these and 
other proposed methods are the time required for 
extraction and the necessity of oxidizing organic 
matter which is extracted with the lead. The possi- 
bility of loss of lead in extraction at higher tempera- 
tures is recognized in provision for the use of a heavy 
solvent in the ASTM method. 


This paper describes an extraction procedure and 
lead-determination methods which overcome the dis- 
advantages of previous methods, The total time of 
test is usually less than one hour. Clean-cut separa- 
tions in the extraction are obtained almost instan- 
taneously, complete removal of the lead is effected 
within 8 minutes, and without further oxidation of 
organic matter the lead may be completely precipi- 
tated as chromate. 

The method is a modification of Baldeschwieler’s 
nitric acid extraction procedure,’ replacing concen- 
trated nitric acid with a 1.2 to 1 nitric acid solution 
saturated with potassium chlorate and containing a 
trace of copper nitrate. The extracted lead is deter- 
mined by a volumetric oxidation-reduction reaction 
after precipitation as lead chromate. 


Preparation of Extraction Solution 


Measure 550 ml. of concentrated nitric acid. (spe- 
tific gravity 1.42) into a tall 1000-ml. G. G. S. cylin- 
der, introduce 78 grams of potassium chlorate, stop- 
per securely, and shake vigorously until most of the 
potassium chlorate is disolved. Add 450 ml. of water 
and shake again until solution is complete, Dissolve 
01 gram of sheet copper in a small beaker with a 
os of nitric acid and evaporate to sirupy con- 
sistency. Dissolve the contents with a little of the 
extrac a solution and rinse into the main portion. 
Mix until uniform, A solution so prepared will have 
4 specific gravity of 1.30 at 21° C. (70° F.) and will 
contain approximately 40 percent of nitric acid by 


Weight and 6 percent by weight of potassium chlo- 
rate. 
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Procepure for the rapid determination of tetra- 
ethyl lead in gasoline, based on modifications of the 
Baldeschwieler nitric acid method, is described. By 
using 40 percent nitric acid containing 6 percent po- 
tassium chlorate and a separatory funnel, complete ex- 
traction of the lead is effected in 8 minutes with 
clean-cut separations and negligible heat rise even 
with 100 percent cracked gasolines. 

The amount of lead is determined in the extrac- 
tions by either volumetric or gravimetric methods. 
When frequent determinations are to be made, a pre- 
ferred columetric chromate method is recommended as 
more rapid than the gravimetric methods described. 

Reprinted from Industrial and Engineering Chem- 
istry, Analytical Editon, 15, 8, August, 1943. 











NOTE—A private communication from W. M. 
Basch, Standard Oil Development Company, indi- 
cates that for gasolines rich in unsaturates better re- 
sults were obtained in his laboratory by adding an 
excess of potassium chlorate to the nitric acid solu- 
tion and allowing the mixture to stand approximately 
5 to 7 days before using. 


Procedure 

Add 15 ml. of the nitric acid-potassium chlorate 
solution to 100 ml. of gasoline in a 500-ml, separa- 
tory funnel. Stopper securely and shake gently at 
first, releasing the pressure frequently, then shake 
more vigorously for 3 minutes until no further re- 
action is noticeable and the gasoline layer becomes 
perfectly clear. Allow to settle for 1 minute, then 
draw off the acid layer into a 500-ml. Erlenmeyer 
flask. Repeat the extraction twice, reducing the shak- 
ing periods to 1 minute. 

From this point the lead may be determined by 
any standard procedure for lead determination, but 
methods permitting greater speed without sacrifice 
of accuracy are to be preferred. Descriptions of the 
volumetric and gravimetric chromate methods and 
of the lead sulfate method are presented because of 
modifications which speed up the determination and 
maintain its accuracy. This laboratory recommends 
the volumetric chromate method, when frequent de- 
terminations are necessary, as it is the most rapid. 


Volumetric Determination as Chromate. Evaporate 
the combined extracts just to crystallization (do not 
take to complete dryness). Add about 100 ml. of hot 
water and heat to boiling. Allow to cool for a few 
seconds. Neutralize with ammonium hydroxide to 
the characteristic deep blue of the cuprammonium 
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compound and add 2 ml. in excess. Acidify with 
acetic acid and add 1 ml. in excess. Bring to a boil 
and add 10 ml. of 5-percent potassium dichromate 
solution. Digest on the hot plate for 7 minutes. Fil- 
ter through a Gooch crucible and wash thoroughly 
with hot water, then with three portions of about 
5 ml. each of acetone, followed by a similar ethyl 
ether wash to remove organic matter which may 
impede the subsequent solution of the precipitate. 
Dry for a few minutes at 100° C. until no odor of 
ether is noticeable. 

Transfer the Gooch crucible to a clean 500-ml. 
suction flask. Dissolve the lead chromate, using suc- 
tion, with 150 ml. of a solution obtained by adding 
200 ml. of hydrochloric acid (specific gravity 1.19) 
and 350 ml. of water to 1 liter of filtered saturated 
commercial sodium chloride solution. Make up to 
250 ml. with cold water. Introduce 2 grams of solid 
potassium iodide crystals, gently swirl the flask to 
dissolve the potassium iodide, and titrate the lib- 
erated iodine immediately with 0.04 N sodium thio- 
sulfate solutien until the yellow color due to the 
free iodine is very faint. Then add 2 ml. of starch 
solution and complete the titration to a clear green 
end point. 

Gravimetric Determination as Chromate. Where 
gravimetric determination is desired, proceed as 
above through digestion on the hot plate. Filter 
through a tared Gooch crucible and wash thoroughly 
with hot water, then with three 5-ml. portions of 
acetone, followed by a similar ethyl ether wash. Dry 
for a few minutes at 100° C. until no odor of ether 
is noticeable. Cool and weigh. 

Gravimetric Determination as Sulfate. lf it is desired 
to determine the lead gravimetrically as lead sulfate, 
draw off the extract into a 400-ml. beaker instead 
of an Erlenmeyer flask, add 9 ml. of concentrated 
sulfuric acid to the combined extracts in the beaker, 
and evaporate to fumes on a hot plate. If any char- 
ring occurs add cautiously (one drop at a time to 
avoid spattering) concentrated nitric acid which is 
saturated with potassium chlorate until no trace of 
charring is observed when brought to copious fumes. 
Allow to cool, add about 5 ml. of cold water, and 
evaporate again to the fuming point. Allow to cool 
for about 2 minutes, add 70 ml. of lead acid,*® and 
heat to boiling. The lead acid is a dilute sulfuric 
acid saturated with lead sulfate. Filter through a 
tared Gooch crucible as soon as the solution is cooled 
to room temperature. Wash thoroughly with the 
lead acid, then with three 5 ml. portions of acetone, 
followed by a similar ethyl ether wash. Dry for a 
few minutes at 100° C. until no odor of ether is 
noticeable. Weigh when cool. 


Standard Lead Nitrate Solution 


In the determination of lead by the volumetric 
chromate method it is customary to standardize the 
thiosulfate solution accurately against pure lead 
nitrate. The method used in this laboratory is as 
follows: 

Dissolve 7.1808 grams of c. Pp. lead nitrate in water 
containing 5 ml. of nitric acid and make up to exactly 
1 liter in a volumetric flask. For standardization of a 
sodium thiosulfate solution (preferably 0.04 NV), pipet 
25 ml. of the standard lead nitrate solution into a 500- 
ml. Erlenmeyer flask. Add 35 ml. of the nitric acid- 
potassium cholrate solution and evaporate to crystal- 
lization under a hood. Remove from the heat, add 100 
ml. Erlenmeyer flask. Add 45 ml. of the nitric acid- 
for the volumetric determination. 
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On the basis of 100 ml. of gasoline taken for a test, 
25.0 ml. of the standard lead nitrate solution are equiva- 
lent to 4.00 ml.-of tetraethyl lead per gallon. The <al- 
culations would therefore be: 


MI. of Na.S.0; * K = ml. of tetraethyl lead per gallon 
4.00 
ware A. Sr ok 
The sodium thiosulfate solution should age for at 
least one week before standardization and should be 
checked about once each month. 


Discussion 


While 1.2 to 1 nitric acid solution saturated with 
potassium chlorate was found to be best suited to the 
average type of gasoline tested in this laboratory, 
stronger or weaker solutions may be more advan- 
tageous, depending upon the particular type of gaso- 
line most frequently tested. When employing a 
stronger solution on straight-run gasolines the initial 
shaking period of 3 minutes can be reduced consid- 
erably. However, a concentration weaker than one 
volume of acid to one volume of water will necessi- 
tate a longer period for the first shaking. An 0.9 
to 1 solution of nitric acid saturated with potassium 
chlorate will take about 10 minutes for the first 
shaking. 

With 100-octane and similar gasolines, which are 
colored green or blue, the breaks between the gaso- 
line and acid layer are so clean-cut that it is some- 
times difficult to see the line of separation. In such 
cases it is advisable to add 1 drop of oil-soluble red 
dye. The red dye is stable, while the green and blue 
dyes fade. 

















TABLE 1 
Time Required for Complete Extraction of Lead 
Time of | Tetraethyl Lead 
Shaking Extracted 
Min. MI. /Gal. 
lst Shaking. 3 3.76 
2nd Shaking , ee 1 | 0.18 
3rd Shaking...... ae | 1 0.01 
4th Shaking.... ; 1 | 0.00* 
Total. . Sa 6 3.95 











, Complete removal of lead was effected in three extractions on all samples 
tested. 

The time required for complete decomposition and 
extraction has been determined on a sample of 100- 
octane gasoline containing 3.95 ml. of tetraethyl lead 
per gallon with results as shown in Table 1. 

The time required for a completed lead determina- 
tion has been reduced from 4 hours to less than 1 
hour. The important contributing factors are: 

1. The improved extraction method reduces the 
time for complete removal of the lead to 8 minutes 
as compared with 1 hour by the hydrochloric acid 
extraction or 15 hours by the Baldeschwieler imeth- 
od. Further time is saved, owing to the smaller volume 
of extract to evaporate (approximately 45 ml. in this 
method, 150 ml. in the hydrochloric acid method, and 
80 ml. in the Baldeschwieler method). 

2. The use of the thiosulfate titration eliminates 
the drying, ignition, and weighing of precipitates 
necessary in the usual gravimetric methods. 

Time-saving is also apparent where this extrac 
tion method is used in conjunction with the modified 
gravimetric methods described. In the gravimetric 
chromate method, use of the acetone-ether washing 
eliminates the necessity of complete oxidation of of 
ganic matter and lessens the drying time. In the 
sulfate method, complete oxidation of all organic 
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st, matter is obtained more rapidly because of the potas- TABLE 2 
pe sium cholrate. The use of alcohol and one-hour set- Typical Comparative Results 
iI- tling in an ice bath is unnecessary when lead acid® 
is substituted for dilution and washing. The acetone- | Tetraethy! Lead by Nitric Acid- 
ether wash with drying at 100° C. replaces the igni- Tetraethy! Lead uses fea 
tion of the lead sulfate. Gasoline! eed Rlethed* Solas Pomme ners Guarini 
Table 2, typical of several hundred tests run in | °F. ML. /Gal. MI1./Gal. | MI./Gal. | MI./Gal. 
; this laboratory, shows that accuracy and reproduci- Aes 100 0.25 0.25 0.26 0.26 
a ey we ie Ge aon ae 61 2. 62 
bility have been maintained. Ben 24 2.99 3.00 3.00 2.90 
ae 99 3.96 4. 4.01 
54 . Av ; f | 
Safety of Potassium Chlorate in tems hours...) |. 0.5 0.75 1 
Dilute Nitric Acid . 
: : ig : ’ * Extracted and weighed as lead, cl te in accord vith ASTM 
Potassium chlorate in dilute nitric acid solution mud Ue ee ee 
th can be used safely when extracting cracked gasolines ; tabi 3 
he the actual temperature rise resulting is given in Table 
y; 3. The results obtained in this experiment indicate ——__ Nout Rise of Cracked Sesetinee 
n- : nt nlsSne a coal on — 
es that the heat rise due to shaking 1 cracked gas line | inthis tinue 
with the extraction solution is not necessarily in | 7 Gasoline a = — 
2 a : . mira s ‘emperature ter ter After 
al direct proportion to the acid heat. In no case, how- | Acid Before First F xe Third 
- ever, is the heat so generated sufficient to interfere .. | Heat | Shaking Shaking | Shaking | Shaking 
id- ; Gasoline | F. F. F. F. F, 
with the procedure. 
ne ae 120 | 60 70 | 70 70 
Se a? Ty 71 9 8 
~~ Influence of Small Amounts of Copper ee is = oe we Sth oe 
wie The small amount of copper added to the extrac- | | 
‘a tion solution serves as an indicator in neutralization. * Unleaded catalytically cracked gasoline. ‘ cuniste 
7 aa : ; repared by adding 3 ml. of tetraethyl lead per gallon to Gasoline F. 
Analy S1S with known amounts of lead demonstrates ¢ Cracked gasoline, containing 0.54 ml. of tetraethyl lead per gallon. 
the effect on accuracy. The results in Table 4 show § Cracked gasoline, containing 2.98 ml. of tetraethy! lead per gallon. 
ire : 
a that the small amount of copper added to the ex- 
sO- . . ° . . 
al traction solution does not interfere with the determi- TABLE 4 
nation of lead in either the volumetric or gravi- . 
ch ce ‘ 8 Influence of Small Amounts of Copper 
me metric methods. PRE Mea aes 6 Pee 
] 
Results with Co Indicato 
ue Influence of Ether and Acetone Standard |-—— ci es at ; 
Washings on Accuracy deciricar | VSisemeece | peunaete | Sapa 
The influence of acetone and ethyl ether washings DPetermina-| to. gee | Lge | Lg 
= on the accuracy of results was determined (Table 5). , | an een ro apa = 
ead The acetone and ether washings not only speed 2 eg 4.00 | 4.00 4.00 4.00 
, up the test but are essential for accurate results © ———————# eee 
— both in the volumetric method and in the gravi- 
metric methods when the lead is extracted from TABLE 5 
es ea Sane re 
gasoline by the nitric acid-chlorate method. In the inftuence of Sihyl Shar and Restene Welltans 
lead sulfate method, the actone removes all traces on Accuracy of Results 
of the lead acid solution ; in the lead chromate meth- —— 
les od, washing with acetone removes all traces of or- | Tetraethyl Lead Found 
eeeic matter that otherwise would rom 3 give high _ Tetracthyl | Without | | With With ey 
S > Wr re} z r < ; Lead Present Acetone- etone- 
ind results w hen weighed and low results when titrated ee PE a 
1). because of incomplete solubility of the lead chromate _ Determined as | MIL/Gal. ML/Gal. |  MI./Gal. 
sad in the hydrochloric acid used. After the lead chro- Ee HE 
mate has been washed with acetone and ether and = ——————————— er 
‘ the ether expe asulti 2ad chromate is com=  PbSO#.............. Py 2.99 | 3.02 2.99 
i he ether expelled, the resulting lead chromate is com-  FbSO*, (gravimetri) e mn | _- 4 
o pletely soluble in hydrochloric acid solution. PbCrO4 (volumetric) . es | 2.91 3.00 
; og ill SCS er se i eee 
the Literature Cited a - ——- 
S ?Am. Soc. Testing Materials, Designation D526-42 (October, 1942). PbSO4........ . 3.99 01 3.99 
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_ ? Baldeschwieler, E. L. Ind. Eng. Chem., Anal. Ed., 4, 101-2 (192). PbC rOt (gravimetric) . 4.02 rye 
cid *Scott, W. W., “Standard Methods of Chemical Analysis,” 4th Ed., PbCrO# (volumetric) . 3.95 3.98 
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Octane Number Nomographs 


R. B. COX and D. S. DAVIS 
Wyandotte Chemicals Corporation, Wyandotte, Michigan 


A. SHOWN previously, the octane number of 
gasoline can be calculated from the A.P.I. gravity 
and the 10- and 90-percent points of the A.S.T.M. 
distillation. Plots of the octane number against func- 
tions of these variables have been presented. The 
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relationships in question, for the second method of 
calculation’ are, N = 1698.7 — 126.11 (3.5 log °A.P.I. 
+2 log t,,+1.3 log t,,) for gasolines with octane 
numbers between 16 and 62, and N = 1020.7 — 64.86 
(4 log °A.P.I. + 2 log t,, + 1.3 log t,,) for gasolines 
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with octane numbers between 62 and 90, where N = 
C.F.R.M. octane number °A.P.I. = gravity corrected 
to 60° F., American Petroleum Institute scale, and 
to and ty, the 10- and 90-percent points, respec- 
tively, of the A.S.T.M. distillation, °F. 

The former charts require a somewhat tedious 
computation of the functions in the parentheses be- 
fore they can be used. The accompanying nomo- 
graphs, however, greatly facilitate the accurate cal- 
culation of octane numbers. Their use is illustrated 
as follows: What is the octane number when the 10- 
and 90-percent points of the A.S.T.M. distillation are 
210 and 400° F., respectively, and the corrected A.P.I. 
gravity is 52 degrees? Using Figure 1 and following 
the key, connect 210 on the t,, scale with 400 on the 
t,, scale and mark the intersection with the @ axis. 
Connect this point with 52 and the °A.P.I. scale and 
read the octane number on the N scale as 50. Figure 
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1 is used rather than Figure 2 since 400° F. does not 
appear on the t,, scale of the latter figure. 

What is the octane number of a gasoline when the 
10- and 90-percent points determined by an A.S.T.M. 
distillation are 175 and 365° F., respectively, and the 
A.P.I. gravity is 50 degrees? An attempt to use Fig- 
ure 1 results in an intersection with the N axis which 
is beyond the scale, indicating that Figure 2, for 
higher values, should be used. As shown by the index 
lines on Figure.2 the octane number is 73. 

The nomographs, constructed by methods previ- 
ously described*, yield octane numbers in satisfac- 
tory agreement with values read from the charts of 
the-earlier paper and with experimental values. 
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Notes on Design of Foundations 7 
For Stacks and Towers: ; 


SAMUEL GARNETT 


qn HIS determination of stability, the author 
counted on the earth back-fill as a stabilizing force. 
This may or may not be so, depending on the special 
circumstances of the case. In many cases such an 
assumption is dangerous because of the many possi- 
bilities of absence of such back-fill either because of 
overturning moments developing before the back-fill 
is placed or because the back-fill may later be exca- 
vated for pipe repair, etc. It is my opinion that back- 
fill should not be counted on for stability except 
where it is clearly a permanent part of the structure. 

The author bases the size of the foundation for 
stability on his requirement that the center of action 
of the load shall fall within the kern. As shown in 
the accompanying sketch, No. 1, this yields a factor 
of safety against overturning of 4.1. This is over 
conservative, a safety factor of 2 to 2.5 being suffi- 
cient. Where the soil is good and the allowable soil 
pressure is from 4 to 5 Kips per square foot this will 
result in substantial saving. 

Should the center of action of the load then not 
fall inside the kern, it would indicate that some part 
of the soil under the base will not be under pressure. 
This is not harmful but must be considered in the 
design of the base. 

In his calculation of the bending moment of the 
soil pressure on the foundation slab the author as- 
sumes that the slab will have as its critical section 
for bending the plane a-b (sketch No. 2). He then 
spaces his reinforcing steel so that plane a-b will 
have sufficient reinforcing to withstand that bending. 

This procedure is over conservative. A more accu- 
rate and still conservative method would be to con- 
sider A-B as the critical plane. Which it actually is— 
since a-b cannot fail unless the rest of A-B goes. The 
bending around A-B is derived from the moment of 


the soil pressure in the area A-B-f-g around A-B. 


The amount of reinforcing steel to resist this bending 
is then distributed uniformly across the width G-F 
and similarly in each of the other 3 axes of the 
foundation. 

If economy of reinforcing is desirable it would be 
adequate to space the reinforcing across the full 
width A-B and similar reinforcing along the axis at 
right angles. This method of reinforcing is much 
more economical of weight of reinforcing but re- 
quires bar detailing. Because of simplicity, the four- 
way system is generally used except in very large 
bases. 

D. A. Molitor writing on “Chimney Design” is of 
the opinion that only a fraction of the allowable soil 
pressure should be used for reaction to prevailing 
winds. Applying this principle to the author’s exam- 
ple we get the following: 


*Marshall, V. O., Petroleum Refiner, 8, 22, pp 251-268, August, 1943. 
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Permitting only 50 percent of allowable soil pres- | 
sure for reaction to prevailing winds. 
S 2p = Soil pressure due to prevailing winds. 
51 52p_ _ 
S Si it 
If force of prevailing wind equal 50 miles per hour 
or 12 pounds per square foot. 
Pw = 12x 4.5 x 54= 3000 Ibs. (equation 8) 
Mf = 3000 x 33 = 100,000 ft. Ibs. (equation 7) 

100,000 _ 
248.5 
1155 | 401 
2000 1000 


S25 = = 401 Ibs./sq. ft. 


=..577 + 401 = 978<1 (equation 12) 


which is satisfactory, 
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Considering Moments 
around F 
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PwL = We 
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PENBERTHY Rf ex 


DROP FORGED STEEL 
LIQUID LEVEL GAGES 


Liquid shows black — empty 
space shows white. Preferred 











wherever liquid level must be 
easily and positively visible 

- and when liquids are un- 
der high pressure or at high 
temperature. 


These gages are made of alloy temperature resisting 
steel and are the highest quality throughout. Liquid 
chamber is made from a solid block of steel to assure 
perfect alignment and rigidity. All Penberthy gages 
conform with A.I.P.-A.S.M.E. requirements. 











PENBERTHY 


Transparent 
DROP FORGED STEEL 
LIQUID LEVEL GAGES 


Used to observe color and den- 


sity of liquids under high pres- 
sures, and/or temperatures. 
Construction is exceptionally 
rugged .. . similar to Reflex 
types. 


PENBERTHY INJECTOR CO. 


DETROIT, MICHIGAN * Canadian Plant; Windsor, Ontario 
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This TCC unit originally was designed to pro- q 
duce base stock for motor gasoline. When the — 


need for 100-octane aviation gasoline became E 


pressing, changes were made to permit opera- 
tion that would provide substantial recovery of 
base stock for this fuel. Finally other design 
changes were incorporated to permit production 
of a high yield of butylene, to permit the Mag- 
nolia Petroleum Company plant to supply its 
share of charge stock to the nearby butadiene 
plant of Neches Butane Products Company. 


There are 33 other TCC units building or 
under cantract. 


The Thermofor Catalytic Cracking process is 
the moving-bed type. Vapors from the furnace 
enter the bottom of the reactor and move 
counter current against the solid catalyst, 
which is in bead form. The catalyst moves 
downward at a speed of about one foot per 
minute. It passes from the bottom of the 
reactor to be picked up by elevators and 
carried into the regeneration chamber, where 
carbon is burned off and the renewed beads 
reenter the reaction chamber. 


The Socony-Vacuum Oil Company technologists 
have invented a bead type catalyst, which will 
be used in TCC units later. 


First Thermofor Catalytic 
Cracking Plant Put on Stream 


, first large-scale Thermofor 
Catalytic Cracking plant was put on 
stream at the Beaumont plant of Mag- 
nolia Petroleum Company October 11. 
Officials of Socony-Vacuum Oil Com- 
pany, the 
those of Magnolia Petroleum Company, 


Inc., parent organization, 


representatives of the Army and Navy 
and executives of The Lummus Com- 
pany, which constructed the unit, took 
part in ceremonies, which recognized 
this contribution to both 100-octane 
aviation gasoline and synthetic rubber. 

An inspection of the plant was fol- 


lowed by luncheon at the Beaumont 
hotel. The equipment was brought on 
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stream slowly. After 4 days it was 
operating at 60 percent of its rated 
throughput, 20,000 barrels daily. No 
difficulties had been encountered and 
engineers expected to have it at full 
capacity in less time than was antici- 
pated. 

This plant consisted of two Thermo- 
for units, each of 10,000 barrels capacity, 
operating in parallel. The process can 
operate on either reduced crude or gas- 
oil. It was started on reduced crude, 
which permits a charge of 26,000 barrels 
per day to be pumped into the furnace. 
Reduction permits withdrawal of 6,000 
barrels of heavy fuel oil, leaving 10,000 
barrels for each Thermofor unit. 


Output from this charge is calculated 
to be: 


Bar- Per- 

rels cent 

Total charge 20,000 100 
Coke, propane and lighter.. 980 49 
SSODMUANE ko '0a bs deen 660 33 
ECO ein asic aes 1,250 62 
Normal butane ...........- 400 2.0 
Aviation gasoline base ‘ 
ee eke Cee 7,700 38.9 
Furnace distillate ......... 8,120 40.6 
Heavy fuel of) .... sis ccie 900 4.5 


Recoveries of this order will permit 
half the output of the unit to be finished 
into products essential to the war effort. 

The 400-end-point gasoline base 
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The war is now feeling the weight of one 
irresistible factor — the combined might of 
American manufacturers, whose thousands of 
production lines are disgorging the imple- 
ments of mechanized battle in a volume 
almost unbelievable. The trade marks of 
America are on the march. 


Every one of these thousands of trade 
marks represents a standard and type of 
engineering ingenuity peculiarly American, 
applied with an understanding of volume 
production and its possibilities far beyond 
that of any other people on earth. Each of 
them is the proud mark of successful individ- 
val enterprise, which here in America has 
come to its fullest fruition. The trade marks of 
America are in the fight. 


The Axis powers do not know Production 
as we know it, nor did they realize the poten- 
tialities of American industrial organizations. 
Else they would not have chosen to start a 
mechanized war against, of all people, the 
nation which first introduced volume manv- 


SYMBOLIC OF 
THE TRADE MARKS OF 
INDUSTRIAL AMERICA, 


the monogram of Elliott Com- 
pany typifies the engineering 
skill and productive capacity 
which is casting the shadow of 
defeat over Axis aspirations. 


facturing, and whose mechanical ingenuity is 
supreme. The Axis lost the war at Pearl 
Harbor, unleashing for their own ultimate 
destruction the mighty forces of American 
individual enterprise. The trade marks of 
America spell doom for the Axis. 


We believe the unified might of American 
management, American engineering, Amer- 
ican labor, and notably of American individ- 
val enterprise, provides the most powerful 
single factor in the favorable course of the 
war, and that history will so record it. The 
trade marks of America are winning the war. 


Elliott Company is one of those large manu- 
facturing organizations whose products are 
of a basic type, equally vital and necessary in 
peace as in war. Elliott power equipment and 
Elliott process apparatus are today battling 
toward victory ashore and afloat, just as they 
will be working to produce the essentials of 
the greatly expanded scheme of living which 
will follow the day of victory. 
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During Construction. 


stocks, will after treatment be blended 
with alkylate, lead and other materials 
into 100-octane aviation gasoline. Iso- 
butane and part of the butylene re- 
covery will be charged to the alkylation 
unit. A part of the butylene also will be 
delivered to the nearby Neches Butane 
Products Company, which will con- 
tribute 100,000 tons of butadiene yearly 
to the synthetic-rubber program. 

Magnolia Petroleum Company, The 
Pure Oil Company, The Texas Com- 
pany, Gulf Oil Corporation and The 
Atlantic Refining Company formed the 
company which is completing this large 
butadiene unit and will provide raw 
charge for its operation. Other Thermo- 
for units are under construction at The 
Pure Oil Company’s plant at Nederland, 
Gulf Oil Corporation, Port Arthur, 
Crown Central Petroleum Corporation 
and Sinclair Refining Company, Hous- 
ton. These with the two units operating 
at Beaumont make up 10 of the 35 
Thermofor catalytic cracking units now 
under construction. 

Before introducing speakers at the 
luncheon, John W. Newton, vice presi- 
dent of Magnolia Petroleum Company, 
pointed out that 4,000 persons from the 
Socony-Vacuum organization are now 
in the armed services and observed: 

“May we be as good soldiers here as 
they are there.” 

The speakers were D. A, Little, presi- 
dent of Magnolia Petroleum Company, 
Dallas; A. F. Corwin, executive vice 
president of Socony-Vacuum Oil Com- 
pany, New York; and _ Lieutenant 
Colonel John M. Fain, attached to the 
office of General H. Ht Arnold, in 
charge of the training program. 

Other officials of Socony-Vacuum Oil 
Company, who came to Beaumont for 
the affair were Wilbur F. Burt, director 
and member of the manufacturing com- 
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mittee; Dr. J. B. Rather, in charge of 
general laboratories of the company; 
George S. Dunham, vice president in 
charge of engineering; T. P. Simpson, a 
member of the manufacturing commit- 
tee and one of the inventors of the TCC 
process. 

Carl S. Reed, president, and E. R. 
Smoley, in charge of refining division of 
The Lummus Company, New York, 
represented the contracting firm. 

Among the military personnel present 
were Colonel Walter H. Reid, com- 
manding officer at Ellington Field; 
Lieutenant Colonel P. G. Bell, Eighth 
Service Command, petroleum division; 
Admiral Percy W. Foote, Houston, in 
charge of Navy construction in Texas. 

The Thermofor Catalytic Cracking 
process (known as TCC) is a recent 
development, whose complete operating 
details can not be printed because of 
military secrecy requirements. It was 
briefly described in connection with 
putting this first plant on stream as 
follows: 

“In the TCC process, developed by 
Socony-Vacuum Oil Company, the cata- 
lyst is not in a fixed bed but moves 
through the cracking chamber, passes 
out to be cleaned in a separate chamber 
and re-enters the cracking chamber in 
a continuous stream. 

“In 1939 Socony-Vacuum Oil Com- 
pany engineers developed the thermofor 
kiln for burning the carbon out of the 
clay used in the filtering of lubricating 
oil. Previously, the clay was cleaned by 
burning the carbon off in rotary kilns, 
which was expensive and wasteful, since 
much of the clay was lost. The ther- 
mofor kiln did the job much more effi- 
ciently. It got its name from “thermo- 
phore” which is a device for controlling 
heat. 

“The kiln was adapted to the TCC 





process. A 500-barrel-a-day pilot plan 
was constructed at the Socony-Vacuum 
Oil Company laboratory at Paulsboro, 
New Jersey, where the process was 
tested and approved for more than 2% 
years, during which further improve. 
ments were made. 


“The catalyst flows by gravity from 
the top of the cracking chamber (called 
a reactor) against a rising stream of oj] 
vapor, which enters at the bottom. The 
synthetic vapors created by the catalyst 
pass out at the top of the chamber to 
become cracked products; the catalyst 
passes out through the bottom. It is 
lifted by elevators to the top of the 
thermofor kiln or regenerator, where 
heat and air restore it to its former 
effetctive condition. It is then returned 
to the cracking chamber, to be re-used, 


“The TCC process requires only 
moderate temperatures and pressures, 
The plant design is simple, and con- 
struction is relatively inexpensive. It 
may be installed in connection with 
existing thermal cracking units, thus 
reducing the investment required. Costs 
of operation are also lower. There is a 
substantial saving in steel and other 
critical materials. Because the TCC unit 
is as efficient in small size as in large, 
the small refiner may make use of it.” 


Safety Research Institute 
Gives Fire Prevention Tips 


In the interest of refinery fire control 
during Fire Prevention Week, October 
3-9, the Safety Research Society, 420 
Lexington Avenue, New York, sug- 
gested special attention to the care of 
first-aid fire appliances. 

“National preparedness and defense, 
and now wartime controls of materials, 
have required use of various substitute 
materials and methods, some of which 
may not be acceptable after victory, 
their replacement becoming a necessary 
part of the cost of war,” is was said. 

To keep equipment in good operating 
condition indefinitely, the society sug- 
gests that owners recharge extinguishers 
immediately after use and after the 
interval of time recommended by the 
manufacturer; use only recharging sup- 
plies and replacement parts obtained 
from the manufacturer; follow the in 
structions on units closely when fe 
charging all types of extinguishers; in- 
spect extinguishers at least once 4 
month to be sure they are filled, opera- 
tive and have not been tampered with; 
do not attempt repairs of damaged ex- 
tinguishers—return them to the manu- 
facturer for the skilled work such serv- 
ice demands; test an extinguisher that 1S 
damaged by a blow or fall to determine 
whether the\shell or seam has been 
damaged; and have men on the premises 
who are familiar with the inspection an 
recharging of extinguishers, and who 
understand the correct methods for 
keeping the equipment ready for instant, 
efficient use. 
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Save O4rine by preassembling 
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2nd STEP: Preassemble Section in the Shop 
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Petroleum Goes to War 


BRUCE K. BROWN 


Assistant Deputy Administrator, Petroleum Administration for War 





An address delivered before the National Petroleum Association at its annual meeting in New York on September 22, 1943 


I WANT to talk to you today of 
petroleum hydrocarbons but I promise 
that I shall not embark on a scientific 
discussion, nor shall I invoke any plea 
for greater production for war. 

Science proceeds apace and, as I 
have told you before, I think almost 
every month that 
Pearl Harbor has induced a hot-house 


has passed since 


growth in technology as great as that 
which we experienced in a whole year 
of the last decade preceding the war. 
I could talk of that technology, but I 
shall not today. 

I could implore each of you to re- 
evaluate your present operations in the 
petroleum industry to detect and cor- 
rect any faltering in maximum produc- 
tion for war—for much yet remains to 
be done before it will be possible to 
evaluate today in the terms of a hoped- 
for peace in the tomorrow. You will 
be hearing more from the Petroleum 
Administration concerning maximum 
production of war products—but not 
today. 


Today I would like to discuss petro- 
leum hydrocarbons only from the 
standpoint of what is happening to 
them. That subject is one which is cer- 
tainly of common interest to the petro- 
leum industry, and to the Petroleum 
Administration. You and I are mu- 
tually distressed, I am sure, over the 
lack of appreciation on the part of our 
friends, our customers, and our masters 
—the American public—of the part that 
petroleum must play in winning this 
war. 


Let us consider these petroleum hy- 
drocarbons—refined products ready for 
use—on exactly the same basis as we 
now have to consider everything else 
—manpower, womenpower, food, tex- 
tiles, metals, shipping and dollars. Let 
us consider how much of our petroleum 
products must go to war and how much 
can be retained for home use. Hydro- 
carbons drafted for war can’t stay with 
us but the American public wants to 
know just what is becoming of those 
precious petroleum products upon 
which they have so long relied for their 





1Captain Paul Foley ‘Petroleum Problems 
of World War” U.S. Naval Institute Pro- 


ceedings, November, 1924. 
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well-being, their comfort, and their 


pleasure. prs 
Use in Other War 


First of all, let us go back 25 years 
in order to get a good running start on 
our problem. During the first World 
War we refined and had available each 
day in the United States about 200,000 
barrels of gasoline. We sent less than 
37,000 barrels per day overseas at the 
peak of activity in 1918—less than 20 
per cent of the total available. Accord- 
ing to Captain Paul Foley: of our Navy, 
the total requirements of “aviation 
spirit” (the forerunner of our 100-oc- 
tane aviation gasoline) by the United 
States, Great Britain, France and Italy 
for the last half of 1918 was scheduled 
at about 7,000 barrels per day.The 
United Nations in this war will be pro- 
ducing and burning that much aviation 
gasoline in the interval between this 
moment and the time I finish delivering 
this brief paper. 

Oil was very important in the first 
World War and it seemed awfully im- 
portant to civilians too. Prices rose and 
there were “gasless Sundays.” As to 
the military importance of this oil this 
same Captain Foley said: 

“Reviewed in the perspective of six 
years, it is clear that next to the phys- 
ical number of bayonets on the Western 
Front, the factors contributing most to 
victory were the impetus conferred on 
those bayonets and the flexibility given 
them by gasoline. Tank, tractor and 
aviation activities all were measured in 
terms of gasoline. It evacuated the 
wounded and effected replacement of 
combat troops... Not in exaggeration 
Was it said that a drop of petrol had 
been the equivalent of a drop of blood. 
The torch borne high on Flanders field 
was a gasoline torch.” 


More Important Now 


But however important oil may have 
appeared to be to the civilian population 
in 1918, it was fully eight times as im- 
portant in the year before we entered 
World War Number 2. In 1941 we used 
about 4,000,000 barrels of crude oil and 
natural gasoline in our refineries each 
day and made available to the public 
about 1,600,000 barrels of gasoline. Very 
little gasoline was consumed by the mil- 








Petroleum Refiner—V ol. 22, No. 1 ye 





itary. Very little aviation gasoline was 
consumed. 


In the present month and for an un- 
determined future number of months, 
we hope to refine in this country about 
ten percent more crude oil and natural 
gasoline than in the pre-war era. Thus, 
it might be reasonably expected that 
we should have more gasoline avail- 
able than ever before, and that assump- 
tion is correct. Gasoline production is 
currently about 1,800,000 barrels a day 
—that is all types of gasoline for all 
purposes. 

“But”’—the public says—“‘where is 
it?” “Why can’t we use it?” “Why 
shortages?” 

The answer is, of course, that petro- 
leum is going to war. We know that. 
The public knows it. Unfortunately, 
however, the separation of petroleum 
from its normal associates, the civilian 
public, brings protests which to me 
seem more violent than any I have heard 
raised against sending other commodi- 
ties to war. For this reason it is in- 
cumbent on us all to explain the sit- 
uation patiently, again and again. 

Statistics are uninteresting. The old 
adage “figures don’t lie but liars fig- 
ger” seems well forward in the public 
mind. Furthermore, the shroud of se- 
crecy necessarily cast over overseas 
shipments of petroleum products and 
over present and ultimate productivity 
of critical war products, such as avia- 
tion gasoline and toluene, tends to con- 
fuse even the best informed. However 
difficult the task, it is necessary that we 
keep plugging, within the limits of mil- 
itary secrecy, at the job of telling and 
retelling the story of petroleum prod- 
ucts in the war, because it is extremely 
important to public morale and to the 
standing of the oil industry that the 
story be well told and well understood. 

What I have to present to you today 
is not a new set of statistics but merely 
a somewhat different way of telling the 
story. Instead of spreading numbers 
throughout my talk I shall give you all 
of the principal figures at once and then 
put them together in a way which, | 
trust, will bring out the story. 

Restating the petroleum side of it, we © 
are currently using each day about | 
4,400,000 barrels of crude oil and natural 4 
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P RAISE the Lord . . . we’re passing plenty of rubber!’ Shall 
we soon be able to say that? Every day brings further proof 
that Axis treachery and conquest are no match for 
American ingenuity. 


Using a unique process and depending mainly on existing 
equipment, the Southern California Gas Company will soon 
be adding 35,000 tons of butadiene per year to the nation’s 
supply of synthetic rubber! This outstanding development is 
truly ‘“‘a rubber plantation” in 1943 style! 


Hand in hand with Southern Cal’s ingenuity goes Cooper- 
Bessemer reliability. C-B compressors, Type G-MV, will be 
used in two phases of the process — for charging stock 
and for refrigeration. 


It’s another ‘world’s first’’ for Cooper-Bessemer—another indi- 
cation that where continuous, critical processing is imperative, 
broad flexibility ... precise response to control... and engi- 
neered dependability are of the utmost importance. Type 
G-MV’s are doing a real job in many of the nation’s most 
vital plants. 
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gasoline and we are turning it into 
about 3,800,000 barrels of products. The 
balance goes into refinery losses, re- 
finery. fuel, and crude export. The 
amount of crude exported is quite small 
and is diminishing. Out of these raw 
materials we produce each day about 
1,800,000 barrels of gasoline and 2,000,- 
000 barrels of all other products. The 
Petroleum Administrator recently stat- 
ed that the military services had to be 
supplied with about 600,000 barrels per 
day of gasoline. High officials of the 
services recently stated that the total 
military demand for all petroleum prod- 
ucts exceeded a million barrels a day. 
In this present month about 32 per- 
cent of all petroleum refined products 
are used by the military. The figure will 
rise to 40 percent before many months. 

The above figures are all that are 
really needed to provide a base for an 
easily comprehended story of where 
our petroleum hydrocarbons are going. 

But I have more figures to point up 
the story. None of them are secret and 
few are new. 

In the halcyon days prior to Pearl 
Harbor, we had about 27,500,000 pas- 
senger automobiles. That number has 
now dropped to about 24,500,000. 


Military Vehicles 

No one would be foolish enough to 
think that because there are 11 percent 
less automobiles on the road, those that 
are left should have more gasoline than 
ever because everyone realizes that the 
automobile companies did not really 
stop producing automobiles. Instead of 
Chryslers, we have produced tanks; in- 
stead of Willys-Overlands, jeeps; and 
instead of Fords, aircraft engines, bomb- 
ers, and the like. Among such little 
items, the President recently announced 
the production of 123,000 planes, 53,000 
tanks, an:* 1,233,000 trucks. Those num- 
bers will rise. Further, most of our cit- 
izens know instinctively that our mili- 
tary vehicles are greater “gas-eaters” 
than civilian automobiles and _ trucks. 
They are more powerfully motored; 
they are bigger; they go faster; they go 
farther. The comparison is particularly 
striking in the case of automobiles and 
planes. In one hour’s travel at the legal 
speed of 35 miles per hour, a passenger 
automobile will burn about 2.5 gallons 
of gasoline. But a fighter plane will 
travel ten times as far in an hour and 
will burn about 60 gallons of gasoline. 
Our great bombers use several times 
that much. That part of the story has 
been told before, told better, and with 
more ililustrations. The telling of it has 
allayed some protests but we all know 
that the motorist is far from convinced. 
If he accepts such explanations, he does 
it to be a good sport—not because he 
is completely satisfied. 

A very considerable part of our avail- 
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able food stuffs have to be diverted to 
military use at home and’ overseas. 

Why is it then, that our friends, our 
customers, and our masters—the great 
American public—submit so _patriot- 
ically to short rations on some foods 
and, at the same time, seem critical of 
any shortness in petroleum’ supply? 

The need for food is universal and 
universally recognized. Within narrow 
limits rich man, poor man, soldier, ci- 
vilian, American, Briton, Chinese, Rus- 
sian, Frenchman or Italian can and 
does, if it is available, consume about 
the same amount of food stuffs. Our 
people are inherently generous and they 
do not really contest the need for al- 
lotting 30 percent or more of our avail- 
able food to military and overseas use. 
Why, then, is it so difficult to explain 
that 30 to 40 percent of petroleum must 
likewise be employed? 

Of course, there is one small differ- 
ence which we note immediately. In 
the case of food, no one attempts to 
influence the citizen to protest. For- 
tunately, our states have not taxed the 
consumption of food and, hence, the 
shortening of civilian consumption in 
the states does not affect tax revenues 
so directly as a shortening in the civi- 
lian consumption of gasoline. Further, 
there are no organized societies or as- 
sociations of food eaters whose welfare 
depends upon a continuous availability 
of ample quantities of prunes or beans 
or whose officials rise up and denounce 
the food administration or the food in- 
dustry because a storm ruins a peach 
crop or because water wells run dry. 

However, I do not think that outside 
stimulation accounts for any consider- 
able part of the honest perplexity which 
we note in the minds of our friends, as 
to the shortness of petroleum supply. I 
have another theory about it and I can 
best introduce it by suggesting a pos- 
sible analogy in the field of food. 

As I have previously stated, it looks 
as though we civilians could make use 
of 67 percent of the pork available and 
50 percent of the raisins. We now have 
almost 67 percent of the gasoline still 
available to us and I doubt that we will 
ever have to get along with less than 50 
percent—the same as our “current raisin 
ration,” to make a bad pun. 


Other Uses 


Let us suppose, however, that in ad- 
dition to eating raisins, we civilians 
used raisins as a raw material to make 
plastic articles and suppose, further, that 
the essential demand for plastic articles 
was such as to require one quarter of 
the whole raisin crop. In such a case 
the diversion of 50 percent of the raisin 
crop to the military and the continued 
use of 25 percent for a civilian purpose, 
that is making plastics, would let us 
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have only one third of our normal peace. 
time ration of raisins for dietary pur- 
poses—not one half. 

Applying this analogy to petroleum 
supply, I think we can discover the 
missing chapter in the story which we 
simply must make our citizens under- 
stand. To the pre-war passenger car 
driver, gasoline was something to be 
bought at the corner pump. He bought 
it in company with his peers and fel- 
lows. Trucks, buses, taxis, municipal 
cars and farm tractors did not block 
the entrance of the station driveway. 
The auto driver was hardly conscious 
of the non-passenger car use of gaso- 
line. Had there been a serious and 
mysterious shortage of gasoline in some 
area and had all of those other vehicles 
piled into the service station driveway, 
the average American motorist would 
have graciously admitted that those 
other vehicles needed gasoline worse 
than he did. It is late in the game to 
point that out to him now but it must 
be done. 

Reverting to the approximately 1,800,- 
000 barrels of gasoline which we pro- 
duce every day, only a small propor- 
tion can safely be used by civilian pas- 
senger automobiles. As stated by Petro- 
leum Administrator Ickes, the daily mil- 
itary demands already are at the rate of 
600,000 barrels. That leaves 1,200,000 
barrels. Exhaustive surveys indicate that 
trucks, buses, and taxis simply must 
have 450,000 barrels each day. Failure to 
provide it would mean a breakdown in 
essential public transportation services. 
That leaves 750,000 daily barrels of gas- 
oline to be divided between industrial 
use, farm use, and civilian passenger 
automobiles. It should be obvious to 
all that non-essential industries have 
been pretty much discouraged by lack 
of priorities for raw materials and by 
manpower problems so it is not asking 
too much to urge confidence in the 
idea that there is little waste of gaso- 
line in present industrial use. The farm 
situation speaks for itself. 

And so—there it is. We have only so 
much gasoline and it must be divided 
up. The ever-expanding military use is 
easily understood and cannot be crit- 
icized. But it is a serious mistake to as- 
sume that all that is left is available for 
A, B and C coupons, When that in- 
dividual who never purchased his gas- 
oline except at a service station erected 
for his express convenience is brought 
to realize that there was always—even 
in peacetime—and still is a tremendous 
consumption of gasoline by trucks, 
buses, taxis, tractors and farm equip- 
ment which is just as vital to his wel- 
fare as conyenient personal transporta- 
tion, we shall have gone a long way 
toward winning him to the view that 
petroleum is going to war. 
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War Theme Dominates API Program 


For Second Consecutive Year 


a the second consecutive year the 
role of the petroleum industry in war 
will be the theme of the program of the 
annual meeting of the American Petro- 
leum Institute, the Palmer House, 
Chicago, November 8 to 11, 1943. To 
the extent that censorship will permit, 
both general sessions and those of the 
Division of Refining will review accom- 
plishments in the light of military 
necessity as well as anticipate what the 
future promises. 

There will be three general sessions, 
one the afternoon of November 10, one 
that evening and one the afternoon of 
November 11. 

The Division of Refining will have 
sessions the afternoon of November 9, 
the morning of November 10, the 
morning of November 11, all in the 
grand ball room. 

An estimate of the program from the 
October API Quarterly was: 

“At this second wartime convention 
of the petroleum industry high ranking 
Army, Navy and Coast Guard officers 
and executives from the Petroleum Ad- 
ministration for War, the War Produc- 
tion Board and other government agen- 
cies, as well as the new national com- 
mander of the American Legion will 
join oil men in reporting on the state 
of the nation with respect to petroleum 
in war, Speakers at two general sessions 
and at most of the nine group sessions 
will review what has already been ac- 
complished and will outline what must 
still be done in the days ahead before 
victory. 

“Petroleum Administrator for War, 
Harold L. Ickes, will address the sec- 
ond general session on Tuesday after- 
noon, November 11; 


“The first general session, Wednes- 


day afternoon, November 10, will hear 
Ralph K. Davies, deputy PAW admin- 
istrator; Bradley Dewey, rubber direc- 


tor, and Warren H, Atherton, national 
commander of the American Legion. 
William R. Boyd, Jr., will give the an- 
nual address of the president at this 
S€Ssion., 

“A group session on wartime protec- 
tion of petroleum facilities, including 
employee training, fire protection safe- 
guarding of wharves and piers and in- 
ternai security, November 9, will be ad- 
dresse 4 by A. A. Jergin, PAW, Captain 
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Norman B. Hall, U. S. Coast Guard and 
Colonel George K. Engelhart, Provost 
Marshal General’s Office. 

“Three refining group sessions will 
consider wartime refinery cooperation 
and technologic team work between pe- 
troleum refiners and the Petroleum Ad- 
ministration for War and the Petroleum 
Industry War Council, as well as recent 
developments in research and in cata- 
lytic cracking. These sessions will have 
papers on cracking coil tubes in war 
plants, the role of the analytical chemist 
in war and the activities of advisory 
committees working on problems of 
aviation gasoline and lubricating oils for 
our war machines. 

“One refining session will consider re- 
ports on two of the institute’s projects 
in fundamental research: hydrocarbons 
in the gasoline fraction of seven repre- 
sentative crude oils; and synthesis and 
properties of hydrocarbons of high 
molecular weight. This session also 
will hear about the Houdry Adiabatic 
process for conversion of petroleum 
hydrocarbons and will conclude with a 
paper on cracking with catalysts. One 
session will be devoted to catalytic 
cracking.” 

During the week there will be meet- 
ings of the 50 standing and special com- 
mittees. The board of directors will 
meet November 10 and its executive 
committee will meet the next morning. 

The preliminary program for the 
Division of Refining follows: 


TUESDAY, NOVEMBER 9 


Wartime Cooperation: 

Presiding: G. G, Oberfell, Phillips 
Petroleum Company, Bartlesville, 
Oklahoma. 


Technological Teamwork. 

T. G. Delbridge, chairman, PIWC 
Technical Advisory Committee, The At- 
lantic Refining Company, Philadelphia. 
Cracking-Coil Tubes at War—They Can 

Take It. 

P. J. Harrington, M. S. Northrup, and 
C. O. Rhys, Sr., Standard Oil Develop- 
ment Company, Elizabeth, New Jersey. 
The Analytical Chemist on the Spot. 

Harry Levin, chairman, PIWC TAC 
Subcommittee on Analytical Methods, 
The Texas Company, Beacon, New 
Jersey. 


The Activities of the Aviation-Gasoline 
Advisory Committee. 
H, G. Burgs, Jr., chairman, PAW 
Aviation-Gasoline Advisory Committee, 


Standard Oil Company of New Jersey, 
New York. 
Oiling the War Machine. 

G. R. Lord, chairman, PAW Lubri- 
cating-Oil Advisory Committee, Sinclair 
Refining Company, New York. 

The Coordinating Research Council. 

K. G. Mackenzie, chairman, Automo- 
tive Research Committce, The Texas 
Company, New York. 


WEDNESDAY, NOVEMBER 10 


Research Reports and Catalytic 
Cracking: 

Presiding: J. F. M. Taylor, Shell Oi) 
Company, New York. 

Hydrocarbons in the Gasoline Fraction 
of 7 Representative Crudes, Including 
All the Distillates 40 to 102° C. and 
the Aromatics to 160° C. 

A. F. Forziata, C. B. Willingham, B. J. 
Mair, and : . Rossini, National 
Bureau of Standards, Washington. 
The Synthesis and Properties of 

Hydrocarbons of High Molecular 

Weight—III. 

R. W. Schiessler, D. G. Clarke, C. S. 
Rowland, W. S. Sloatman, and C. H. 
Herr, The Pennsylvania State College. 
Houdry Adiabatic Process for the Con- 

version of Petroleum Hydrocarbons. 

Eugene J. Houdry, Houdry Process 
Corporation, Wilmington, Delaware. 
Cracking with Catalysts. 

C. L. Thomas, N. K. Anderson, H. A. 
Becker, and J. McAfee, Universal Oil 
Products Company, Chicago. 


THURSDAY, NOVEMBER 11 


Catalytic Cracking: 

Presiding: W. B. Ross, The Pure Oil 
Company, Chicago. 

Gas-Oil Cracking by the Cycloversion 

Process. 

W. A. Schulze and C. J. Helmers, 
Phillips Petroleum Company, Bartles- 
ville, Oklahoma. 

Recent Developments in TCC 

Processing. 

P. Simpson, J. W. Payne, L. P. 
Evans, and C. V. Hornberg, Socony- 
Vacuum Oil Company, Paulsboro, New 
Jersey. 

New Houdry Static-Bed Developments. 

R. H. Newton and T. B. Pickett, 
Houdry Process Corporation. 
Fluid-Catalyst Cracking for Premium 

Fuels. 

E. V. Murphree, H. G. M. Fischer, 
E. J. Gohr, and W. J. Sweeney, Standard 
Oil Development Company, Elizabeth, 
New Jersey, and C. L. Brown, Standard 


Oil Company of Louisiana, Baton 

Rouge. 

Report of Division’s Nominating 
ommittee. 


J. T. McCoy, Tide Water Associated 
Oil Company, Bayonne, New Jersey, 
chairman, 

Election of Twenty Members of the 

General Committee of the Division of 

Refining. 
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National Petroleum Association 


Reviews Oil in War Program 


Contributions of the petroleum indus- 
try to war and its prospects after the 
war had consideration at the forty-first 
annual meeting of the National Petro- 
leum Association, Waldorf-Astor Hotel, 
New York, September 21 and 22. Two 
considerations of economics of the in- 
dustry were presented, that of crude 
oil by Joseph E. Pogue, Chase Na- 
tional Bank, New York; that of refined 
products by Bruce K. Brown, Assistant 
Deputy Petroleum Administrator, 
Washington. Contributions of scientific 
development were outlined by Gustav 
Egloff, director of research for Uni- 
versal Oil Products Company, Chicago. 


All officials of the association were 
reelected as follows: 

H. A. Logan, president; Walter ‘Reitz, 
J. B. Fisher and W. S. Zehrung, vice 
presidents; Fayette B. Dow, general 
counsel; Herbert G. Eaton, recording 
secretary; G. B. Hunter, treasurer. 

The annual address of the president, 
H. A. Logan, was devoted largely to a 
consideration of prospects of the in- 
dustry after the war. He drew a paral- 
lel between two World Wars, citing 
the fact that governmental agencies 
were dispensed with after the victory 
in 1918 as an indication that similar 
action would be taken at the end of 
World War II. 

J. B. Fisher, association vice presi- 
dent, laid stress on the advisibility of 
keeping independent concerns active in 
the petroleum industry. He urged ex- 
ecutives of the independent concerns to 
continue to conduct their affairs along 
conservative lines. 

Gustav Egloff gave a summary of 
the several processes which have con- 
tributed to 100-octane gasoline and 
gave his estimate of the value of each 
in the program. Of the several proc- 
esses, the one he designated as certain 
to remain as a factor in post-war refin- 
ing is catalytic cracking. It drew this 
estimate because it increases the quality 
of gasoline as well as the yield of 
lighter products from crude oil. 

Bruce K. Brown used current sta- 
tistics to prove that a shortage of motor 
gasoline is a normal result of current 
refinery operations and military require- 
ments. His figures were that 1,800,000 
barrels of motor fuel are being made 
daily; that 600,000 barrels go into mili- 
tary use; that 450,000 barrels are re- 
quired for transportation, leaving but 
$750,000 barrels for farm, industrial and 
civilian uses. 

An increase in the price of crude 
oil was proposed by H. W. Dodge, 
director in charge of PAW District 1, 
who analyzed the problems of produc- 


tion, refining transportation and mar- 
keting. 
Two association departments held 


sessions. The program of the depart- 
ment of manufacture consisted of a 
aper, “Base Oil Evaluation for Heavy 
uty Service,” by A. O. Willey, Lubri- 
Zol Corporation, Cleveland. 

The program for the department of 
traffic and transportation was devoted 
to a discussion of tank-car, tank-truck 
and pipe-line problems, under the chair- 
manship of S. F. Niness. R. W. Schields 
spoke on this program. 
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Lieutenant Colonel Keith L. Morgan 
spoke on “The War, the Army and 
You,” and gave the association an esti- 
mate of how petroleum products serve 
in military operations. 


John I. Yellott to Direct 
Institute of Gas Technology 


John I. Yellott was appointed full- 
time director of the Institute of Gas 
Technology at Illinois Institute of Tech- 
nology and assumed the duties of his 
new position September 1. He succeeds 
Harold Vatborg who will henceforth 
devote all his time to his duties as di- 
rector of the Armour Research Founda- 
tion’s industrial research program. Yel- 
lott also will assume the duties of direct- 
ing the educational program of the Gas 
Institute, since Dr. Lincoln R. Thies- 
mayer, former educational director, re- 
signed to enter government service. 

Yellott has been chairman of Illinois 
Institute of Technology mechanical en- 
gineering department for the past: three 
years and became director of the war 
training program in its first year in 1941. 
For this service he was cited by the 
Chicago Junior Chamber of Commerce 
as the outstanding young man of Chi- 
cago for 1942 and given its distinguished 
service award, and by the Illinois Junior 
Chamber of Commerce as the outstand- 
ing young man of Illinois for 1942 with 
the Illinois Civic Service Award. 

An honor graduate in mechanical en- 
gineering of Johns Hopkins University, 
Yellott formerly was chairman of me- 
chanical engineering at Stevens Institute 
of Technology and a member of the 
mechanical engineering faculty at the 
University of Rochester. He has also 
served as an industrial consultant in 


power and steam flow. In 1939 he was 
named the. outstanding mechanical engi- 





J. |. Yellott 





neer of the past decade by Pi Tay 
Sigma, honorary mechanical engineer. 
ing fraternity. 

Yellott’s war-training program, jn 
which more than 36,000 have been 
trained, is the largest in the nation in a 
single city and at a privately-operated 
college. As head of this program, he 
helped organize an explosives safety 
school for the office of chief of ord- 
nance, United States War Department. 


Allen Heads Information 
Department of API 


Robert E. Allen is the director of the 
department of information set up by 
the American Petroleum Institute. Allen 
assumed his duties at New York head- 
quarters in September. He resigned as 
assistant deputy administrator of the 
Petroleum Administration for War to 
accept the new position. 

Allen was among the first men to 
enter government service when the 





Robert E. Allen 


original agency, Office of Petroleum 
Coordinator, was designated. He became 
director of production in June, 1941. 
In January of the next year he was 
made assistant deputy administrator. 

Before going to Washington he was 
chairman of the Alberta (Canada), Pe- 
troleum Conservation Board, and previ- 
ously had held a number of important 
posts in the industry and on govern- 
mental agencies. 

Both Ickes and Davies expressed re- 
gret over Allen’s resignation and voiced 
appreciation of his two years work. 

“Mr. Allen’s new position as director 
of information for the API is a re 
sponsible and important one, particular- 
ly now when it is so necessary that the 
complete and accurate war story 0 
petroleum be told,” Ickes said. “As 
much as we regret losing his services, 
I am sute that he will continue to com 
tribute very real assistance to the suc- 
cessful prosecution of the war from the 
petroleum standpoint.” j 

Characterizing Allen as “one of the 
hardest working and most versatile 
members” of PAW, Davies pointed out 
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RESISTS CORROSION AT ALL POINTS OF CONTACT 





Il 






In many important applications, 
the overlaying of Monel on steel permits 
maintaining continuous corrosion-resistant 
surfaces. 

For example, in fabricating this frac- 
tionating tower of Lukens Monel-Clad steel 
plate, it enabled the manufacturer to pro- 
tect the steel flanges with corrosion-resist- 
ing Monel. Thus, every part of the equip- 
ment which comes into contact with the 
harsh distillates resists their corrosive 
action. 

Steel flanges are overlaid with Monel, 
first, by undercutting them 5/32” to 3/16” 
for a width of 1” or more, depending on 
the size of flange involved. 

The first weld layer is depos- 
ited with 4%” or 5/32” dia. No. 
130X Monel electrode using 
string beads. Weaving is to be 
avoided because this technique 
makes a larger weld puddle... 


permits a higher percentage of 








Fractionating tower, fabricated by Edge Moor Iron Wks., 
Inc. Diameter 6’, overall length 43’6”, top 15’6”, section 
of Monel-clad 22/32” plate, cladding 4%”. Manways and 
covers also lined with 4%” Monel, plug welded. 





resistance. Similarly, excessive penetration 
should also be avoided. 

All flux should be removed from the first 
layer before depositing. Subsequent layers 
which may be laid down with a weave to 
produce beads up to 4%” wide. Larger elec- 


_trodes, #«” or 4”, may now be used. 


Monel overlays made with No. 130X 
electrodes on mild steel have a 
hardness of 150 to 160 Brinell 
(3000 kg.). 

For full information on weld- 
ing Monel, write for Bulletin 
T-2, “Welding, Brazing and 
Soft Soldering of Monel, Nickel 


and Inconel.” The Interna- 


iron to be diffused into the weld Suggested joint design,nozzle tional Nickel Company, Inc., 
lining to sheet lining overlay- 


metal . . . lowers its corrosion 


ing flange faces. 





67 Wall Street, New York, N. Y. 


MONEL ¢ “K” MONEL * “S” MONEL © “R” MONEL © “KR” MONEL © INCONEL © NICKEL © “Z” NICKEL 


October, 1943—A Gulf Publishing Company Publication 


Sheet... Strip...Rod...Tubing ...Wire... Castings 


that as assistant deputy administrator he 
bore a heavy load in the supervision of 
a number of the divisions as well as 
many additional duties, such as the 
chairmanship of staff committees and 
the liaison with several other govern- 
ment agencies. : 

“The more than two years during 
which he has given all of his energies 
to government services, almost invari- 
ably for seven days a week, were a con- 
spicuous example of war sacrifice,” Da- 
vies said. “His ability, personality and 
long experience in the oil industry 
should fit him to do a magnificent job 
for the Institute. I, personally, will miss 
him very much.” 


Carringer Is Promoted by 
Standard of New Jersey 


J. R.. Carringer, general manager of 
manufacturing of Standard Oil Com- 
pany of New Jersey, has been elected 
vice president. He will continue his di- 
rection of manufacturing operations of 
this major operating subsidiary of 
Standard Oil Company (New Jersey). 

His complete business career has 
been with Standard Oil interests. His 
first work was in the tank car shop of 
Standard Oil Company (Indiana) at 
Whiting in 1903. In 1918 he came to the 
Bayway plant of Standard Oil Company 
of New Jersey as assistant general 
superintendent. He was promoted to as- 
sistant general manager of the three re- 
fining plants in 1936 and became a 
director of the company four years 
later. 

Harry G. Burks, assistant to Chester 
F. Smith, president of the operating 
company, has been elected a director. 
He has been in the organization since 
1924, following his graduation from 
Massachusetts Institute of Technology. 
In 1936 he became manager of the 
technical service division of the oper- 
ating unit as well as technical advisor 
to the vice president in charge of 
manufacturing. In 1940 he became as- 
sistant to the president of the company. 

J. W. Connolly, coordinator of the 
marketing division, also has been elected 
a director, 


J. R. Carringer 


Federal Court Denies OPA 
Business Suspension Right 


A two-week suspension of Good Luck 
Oil Company, Dallas marketer, ordered 
by an OPA hearing commissioner last 
May, because the company accepted 
1943 basic A rationing coupons before 
their effective date, has been ruled un- 
constitutional by Federal Judge William 
H. Atwell. An immediate appeal is 
planned by OPA. 

Judge Atwell said there was no doubt 
Congress validly gave the President au- 
thority to allocate any material or fa- 
cilities to promote national defense, and 
therefore that OPA had the right to ra- 
tion commodities, but held that Con- 
gress had not delegated any power for 
OPA to suspend violators. 

“The Congress,” stated Atwell, “did 
not vest in the defendants (officials of 
OPA) such a power as here exhibited. 
If it did, it presumed to act improperly, 
which presumption will not be divulged. 
We must find that it acted constitution- 
ally if possible, and lay the blame where 
it belongs—on the board. 

“The hearing administrator unknown 
to and unprovided for by the Congress, 
presumes to conduct a court. Procedure 
is prescribed by his superior for such 
conducting. He enters a judgment con- 
cerning which there is no limit fixed. 
No maximum. No minimum. 

“He acts without fear of consequences 
for malfeasance or misfeasance. If he 
can suspend for two weeks, he can sus- 
pend for two years. He not only is un- 
known to the Congress but he is un- 
known to the Constitution. Such power 
is vested in one Supreme Court and in 
such inferior courts as Congress from 
time to time may ordain and establish.” 

Judge Atwell added that as a result 
of the delegation of authority for allo- 
cation because of the declaration of war, 
there was conceived and born a hearing 
administrator who is and was without 
constitutional father or mother. 

“No attempt at baptism in the waters 
of conflict can change his parentage and 
make it legitimate. 

“This view of a. penalty or punish- 
ment is sustained by a further reading 
of the allocation act which provides for 
the criminal punishment of a citizen 
who violates its provisions and also for 
equitable restraints, both of which take 
place in named courts.” 


Douglas L. Hooker in 
New Socony-Vacuum Post 


Douglas L. Hooker has been ap- 
pointed as a member of the manuiac- 
turing committee of Socony-Vacuum 
Oil Company. In this position he will 
supervise Eastern refining operations 
of the company and after the war wiil 
have charge of foreign refining opera- 
tions. ; 

His advancement from the manager- 
ship of the Paulsboro, New Jersey, 
plant was to take the place of J. F. 
McElfresh, who died in August. 

Hooker was born at Olean, New 
York. His college work at Cornell was 
interrupted by enlistment in the Navy 
in 1917. He was an ensign at the end 
of World War I and returned to Cor- 
nell where he was graduated in 1921 
with a degree in mechanical engineer- 
ing. 

He joined Standard Oil Company of 
California as a process engineer in 1921. 
In 1929 he came to Vacuum Oil Com- 


D. L. Hooker 


pany as an engineering specialist and 
after one year at the Olean plant went 
to Paulsboro, where he became assistant 
superintendent in 1931. Three years la 
ter he was promoted to superintendent 
and upon the retirement of C. J. Hamm 
in 1937 became manager at Paulsboro. | 
H. W. Sheldon has been appointed 
manager of the Paulsboro plant. A. A, 
Neff has been advanced to. superin- 
tendent and W. T. Furey has been ap- 
pointed assistant superintendent. 


AGA Meeting Postponed 
Until October 27-28 


Because the St. Louis Cardinals won 
the National League pennant and a 
starting post in the world series, hotels 
of the city were too crowded to per- 
mit holding the annual meeting of the 
American Association there October Hl, 
12 and 13. 

The meeting will be held October 
26, 27 and 28 instead. 


Wagner Again Secretary 
Of ACS Petroleum Section 


C. R. Wagner was elected secretary 
of the Division of Petroleum Chemistry, 
American Chemical Society, at the air 
nual meeting in Pittsburgh, September 
12. Wagner relinquished the post whem 
he left The Pure Oil Company to be 
come a consultant with the Petroleum | 
Administration for War. 

He was succeeded by L. M. Hender 
son, also with The Pure Oil Company, 
Chicago. 

Other officials were reelected as fol 
lows: C. L. Brown, chairman; R. 
Burk, vice chairman; S. S. Kurtz and 
D. E. Carr, members of the executive 
committee. 


Stoll Refining Company 
Head. Died on September 5 


Charles’ C. Stoll, president and 
founder of Stoll Oil Refining Company, 
died in Louisville, Kentucky, Septem 
ber 5. He founded his own company + 
1896 after 16 years with Standard 01 
Company of Kentucky. 
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Specialists in designing and fabricating superior 
heat transfer equipment for 100 octane gasoline 
and synthetic rubber plants 





Producer Gas As a Substitute 
For Motor Fuel 


GUSTAV EGLOFF and PAUL TRUESDELL, Universal Oil Products Company 


a stoves, long since 
banished from most American parlors 
in favor of central heating, may some 
day reappear in our midst as the power 
plants of our motor cars. 

Those who fear that our reserves of 
crude oil are being rapidly exhausted 
are seriously proposing that our sup- 
_ plies of gasoline be supplemented, if not 
replaced altogether, by producer gas, 
generated from wood or _ charcoal 
burned in a stove built in as a part of 
a car, truck, or bus, or towed behind it 
on a trailer. This type of vehicle is 
known as a gasogene. 

The change to producer gas would 
alter the entire motoring economy of 
the nation. Instead of oil drillers, roust- 
abouts, and pipeliners, the American 
motorist would depend upon lumber- 
jacks; instead of refinery experts, he 
would rely upon sawmill workers. The 
woodyard would replace the modern 
filling station, Instead of a tank holding 
20 gallons or so of gasoline, the motorist 
would have to haul around a stove 
weighing from 300 pounds to more than 
1000 pounds, and a bin containing about 
100 pounds of firewood—equivalent to 
not more than 5 gallons of gasoline. 

The proposal thus to revolutionize our 
American motoring system is predicated 
on the fact that more than 820,000 motor 
vehicles, especially busses and trucks, 
are being operated in many countries on 
gas produced by the combustion of solid 
fuels in stoves carried on the vehicles. 
In those countries such a measure has 
been dictated by stern necessity, because 
of the shrinking of available gasoline 
supplies or other types of gasoline sub- 
stitutes. The use of producer gas and 
the manufacture of gasogene vehicles 
have, therefore, been multiplied 90 times 
since the beginning of World War II. 

In 1938 Europe was using about 9000 
gasogene vehicles, while only a few were 
operated on any other continent. In 1941 
about 450,600 such vehicles were in 
operation, and the latest figures for 1942 
show approximately 820,000 in 24 coun- 
tries. The producer gas to drive these 
vehicles replaced about 25,000,000 bar- 
rels of gasoline, which the motorists 
would certainly have used in preference 
had they been able to get it. 

Although a number of other solid 


146 


fuels are used in other countries, wood 
and charcoal are the ones most often 
proposed for the United States. It has 
been estimated that 20 pounds of dry 
wood are needed to deliver the mileage 
produced from one gallon of gasoline. 
What weuld this mean in terms of trees 
and acres of forest land necessary to 
supply the mileage equivalent to that 
delivered by 25,000,000 barrels, or 1,050,- 
000,000 gallons, of gasoline? 

This question was put to a forestry 
expert, and here is his reply: 

“We assume that for the purpose 
stated hardwoods would be preferable 
to softwoods. A well-stocked stand of 
mature hardwood timber may be ex- 
pected to yield 25 to 30 cords of green 
wood per acre, Probably about half of 
this amount would be in the form of 
saw timber which very likely would not 
be available for the production of wood 
gas. This would leave from 12 to 15 
cords of green wood per acre (weighing 
approximately 4000 pounds) or an 
equivalent in dry wood (2000 pounds per 
cord) of about 12 to 15 tons per acre. 
Thus, according to your figure of 20 
pounds of dry wood per gallon of gaso- 
line (other estimates are 24 pounds), a 
ton of dry wood would equal 100 gallons 
of gasoline or the yield per acre would 
be from 1200 to 1500 gallons. 

“To complete the estimate on a basis 
of 25 million barrels of gasoline per 
year, the acreage of hardwood timber 
required would range from 800,000 to 
1,000,000 acres. 

“If softwood species were considered, 
then the yield per acre would have to 
be figured on a basis of about one half 
that of hardwood timber. 

“Estimates of standing timber in the 
United States, of which only about 18 
percent are hardwoods, indicate 282 
million acres of commercial forest land 
of saw timber size. In addition, there 
are 100 to 200 million acres of com- 
mercial forest land below saw timber 
size.” 

Put in another way, if all the 820,000 
gasogene vehicles now running were 
propelled by wood gas, it would be 
necessary to cut down 125,000,000 trees 
a year. Figuring the average tree age as 
100 years, there would be an annual 
destruction of 12,500,000,000 years of 


tree life. These figures do not inclu 
any waste wood from lumbering a 
sawmill operations that might be u 
for gas production, 

Consider the picture here in t 
United States where we have more tha 
32,000,000 motor vehicles on the roa 
In 1941, a normal year, our gasoli 
production amounted to more than 28. 
000,000,000 gallons, On the basis of dai 
presented, it would be necessary to 
down 3,000,000,000 trees a year in order 
to furnish enough gas to equal the 194] © 
production of gasoline. This would mean 
the destruction of 300,000,000,000 years 
of tree life and the denuding of more 
than 23,000,000 acres of woodland. Think 
of the armies of lumberjacks that would 
be required, the vast additional sawmill — 
capacity, and the changes in transporta- | 
tion! Wood blocks cannot be pumped | 
through pipelines or hauled in tank cars 
or shipped in tankers. And how longy 
would it take to reduce this country to 
the treeless state of China? “a 

The gasogene is a stranger to us if” 
this country, but in Europe four types 
of producers have been developed: (1) 
up-draught, (2) down-draught, (3) 
cross-draught, and (4) double-draught 
and double-zone. In the down-draught 
type of producer the flow of air and gas — 
is in a downward direction concurrently © 
with the fuel. This is probably the only © 
type that would be used in the United © 
States, as it is most suitable to bum 
wood and charcoal. : 

The gasogene includes a _ generat 
with a fuel-hopper, coolers, filters (5 
dedust the producer-gas stream), 
throttle, and in some cases a starti 
fan and water regulator. 

Most of the machine is made of § 
metal. Hoppers, coolers, and filters 
usually galvanized or painted to lesseft 
corrosion, Grates and tuyeres are made 
of alloys to resist heat and oxidatiom 
The generator is lined with a refractory 
such as carborundum, magnesite, bat 
ite, or fire clay. 

Utilization of wood presents probl 
not encounteréd in the gasoline engi 
For example, wood deposits tar amg 
acids, so that cleaning and corrosiom 
problems are of sizable importance 
the selection of materials of construction 

On trucks the generator is commonly, 
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...in the Synthetic 
RUBBER INDUSTRY 


The policy of being there “fustest with the mostest” won for 
General Forrest. It's winning again, today, for Generals Eisen- 
hower, Timoshenko, Montgomery, MacMrthur. It has won out for 
CLARK, in the new Synthetic Rubber Industry. 


This industry requires large-scale compression of gases in con- 
nection with nearly every basic process. CLARK Compressors 
stand first in volume of compressor sales to the industry, with a 
total of approximately 75,000 horsepower, to date. They stand 
first because they offer the most! 


CLARK has perfected the angle design of compressor for both 
steam and gas engine drive, which is important in the war effort 
because: 1. It allows greatest possible horsepower in a minimum 
of space; 2. Greatly reduces requirements of critical material; 
3. Reduces steel requirements for foundation, etc., 4. Reduces 
steel requirements for building: 5. Goes on steam in the minimum 
possible time; 6. Gives greatest overall economy and performance. 


Clark engineers, in an intensive period of intimate contact 
with the new industry, have gained experience of priceless 
value to those engaged in it. Call them into consultation. 


CLARK BROS. CO., INC. ‘ ; OLEAN, NEW YORK, U. S. A. 
Export Office: 30 Rockefeller Plaza, New York. Domestic Sales Offices and 
Warehouses: Tulsa, Okla.; Houston, Texas; Chicago, Ill. (122 S. Michigan Ave.); 
Boston, Mass. (131 Clarendon St.); Huntington Park, Calif. (5715 Bicket St.) 
Foreign Offices: 72 Turnmill St., E. C. 1., London; Avda Roque Saenz Pena 832, 
Buenos Aires. 
Affilliated Companies: Dresser Mfg. Co., Bradford, Pa.; Pacific Pump Works, 
Huntington Park, Calif.; Bryant Heater Co., Cleveland, Ohio. 


GLARK 
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The need for quality lubricants 
was never as great as it is today— 
cars now on the road just must 

last —jallopies, or sleek streamliners, they can’t be 
replaced. And they need the best lubrication care to 
help stretch rationed gas and to minimize repairs. 

Modern refining methods that will produce maxi- 
mum capacity of high quality specification lube oils 
are needed to meet this urgent obligation. Filtrol engi- 
neers, with their highly activated agent, “Monty,” will 
help you. The engineers will survey your plant, study 
your processing technique and make recommendations 
that should result in a marked increase in both the 
quality and the quantity of your lubricating oils. Super 
Filtrol will help attain these desired results too — it will 
produce better oil, and more of it, at lower cost, and 
with less equipment. Quality is the significant thing 
today — and we can help you attain it. Filtrol Corpora- 
tion, 634 S. Spring St., Los Angeles, California. Plants: 
Vernon, California and Jackson, Mississippi. 


ov 
FILTROL 


THE ACTIVATED AGENT SPEEDS 
PRODUCTION-CONSERVES MATERIALS 















mounted near the front, either on one 
of the sides or just back of the cab. Op 
busses and pleasure cars it is in the rear 
and may be carried on a smali two- 
wheel trailer. Coolers are ordinarily 
placed beneath the vehicle. The filter js 
also placed there, provided it is hori- 
zontal. A final filter, if used, is located 
near the intake manifold. The wood is A. 
used in the form of small blocks or HEA 
chunks, 

The approximate composition of pro- 
ducer gases derived from wood and 9 ombin 


charcoal is shown in the following table: J mtio. 
ae Charcoal complet 
verage y — 
Percent) Percent) meat 


Carbon monoxide .... 20 30 emt t 
Carbon dioxide ...... 11 2 the furr 
PEVRTOMER © 506 onc ve ss 17 10 One 
Hydrocarbons ........ 2 0-2 
PROMO. 8 kee beds 50 56-5, 
Here is the way the gasogene engine Prog 


operates. First, the generator is charged radially 
with wood. When the engine is cold, Mj rotates 
it is customary to start operations with 
gasoline and to use it as an exhauster 
to draw the flame through the fuel Byy o 
bed from a torch inserted into the [J tion spe 
mouth of the tuyere. Ignition of the 
fuel takes place in about one minute, 
and the complete starting operations, 
from the time of inserting the torch to 
the time when the vehicle moves off on 
producer gas, takes from two to four 
minutes, 

Full power is not developed for some 
twenty minutes after starting, during 


Sales Off 


which time it may be necessary to 
make occasional adjustments in the air 
control valve. When full power is de 
veloped, the performance becomes 
steady, and the conrtols require little, 
if any, more attention than on a gaso 
line-driven vehicle. 

Imagine an American motorist, used’ 
to an answering surge of power from 








his engine the minute he steps on fhe) 
starter, going through this procedurél] 

What do they think of gasogene 
motoring in the countries where they 
know it best? One answer to that ques) 
tion has been given in the report Q 
the Committee on the Emergency Con- | 
version of Motor Vehicles to Product 
Gas in Great Britain, which make} 
plain that the gasogene vehicle woul} 
never be widely adopted except as a 
measure of dire necessity. The report 
reads in part: 















* 





“It must, however, be remembered) 





that, as compared with liquid fuel, P ” 
ducer gas suffers from various disad- | 














vantages. These include  increase® 
capital and. maintenance costs, CXH@ 
consequent interference with operaltiig 
schedules, a reduction in pay load, ail 
at one time, some difficulty in obtaill 
ing really suitable fuel. Further, # 
some cases, the addition of produit 
gas equipment would ‘have had the ® 
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iis J ANEW GAS BURNER PRINCIPLE — PERMITS GREATER ee er cane 
or § HEAT RELEASE PER CUBIC FOOT OF FURNACE VOLUME Se 
. rodu 
Coppus-Dennis FANMIX Gas ment — installation of FANMIX — h nt) 
Dro- Mi purner utilizes the Dennis principle of will give you the extra thru-put you (Check the ones you wa 
and M combining gas with air in a perfect are undoubtedly looking for. 
ble: Mmtio. “Pinwheel Action” produces And here’s real efficiency. With 
coal | complete combustion without impinge- Coppus-Dennis FAN MIX Burner, 
rage Mi ment— truly “radiant heat’’. A con- typical flue gas analysis shows over 


0. sant temperature exists throughout 11% CO:, a fraction of 1% of Os, no 
2 the furnace; no drifting hot-spots. trace of CO., when burning 1000 


10 One simple change in your equip- B.T.U. natural gas. 


. “PINWHEEL ACTION” FOR PERFECT MIXTURE 
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et Cable Manhole and Tank 
Ventilators. For confined working 
spaces. Bulletin 163-1. 














The energy in gas under pressure take of air at right angles to the path 
does the work. Gas escaping from of the gas. Gas and air are thus me- 
rged @ rdially-spaced orifices in driving arms, chanically mixed in correct proportions 


sold, Gj rtates the fan; this in turn causes in- for complete combustion. 

with GREATER HEAT RELEASE PLUS! 

— Bulletin 410-3 describes other FAN- gas, because driver arms stay below 
fuel i Ix advantages: — smaller combus- “cracking” temperature. A Coppus 


the tion space, less stack, no forced draft “Blue Ribbon” product — precision- 
the | cuipment needed, no cracking of wet engineered, precision-built. 


1ute, COPPUS ENGINEERING CORPORATION 
420 Park Avenue, Worcester, Mass. 


Coppus Steam Turbines. 6 sizes 
(and prices) from 150 H.P. down 
to fractional. Bulletin 135-9. 
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No stale air recirculation. Air is 
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“The life and soul of science is its practical application.” 


= Lord Kelvin 





1820-1872 
William John Mac- 
Quorn Rankine was 
the pjoneer of the 
modern science of 
thermodynamics on 
the bases established 
by Carnot and Joule. 
He was the author of 
the first formal trea- 
tise on the subject. 





Rankine also devel- 
oped a practical for- 
mula for the calcula- 
tion of the efficient 
utilization of the la- 
tent heat of vaporiza- 
tion. Rankine was also 
an engineer and un- 
derstood the practi- 
cal application of his 
physical research. 


Scientific knowledge of 


heat has had some of its most industrially 


useful applications to the many intricate, 


exacting, everchanging requirements of 


oil processing. Pioneering 19 years ago in 


the problems of heating hydrocarbons, 


Alcorn has devoted its engineering ability 


to the solution of the heating problems 


vital to the processing of every type of 


petroleum product. Alcorn installations 


in world important refineries have 


achieved new standards for high effi- 


ciency for peak production, for low 


operating costs. 


ALCORN 


Combustion Company 


SCHAFF BUILDING, PHILADELPHIA 
San Francisco 


Los Angeles 








Houston 
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fect of placing good vehicles in 4 highe, 
tax category and perhaps also in , 
lower speed-limit category. 

“The net result has been that, jp 
peacetime, producer gas, at the presen 
stage of development of producer de. 
sign, is of doubtful economic value fo; 
motor vehicles, except in specially {g. 
| vorable circumstances, e.g., for long 
| distance work with vehicles carrying 
| medium or heavy loads. 

“Even in France, where producers 

| have reached an advanced state of de. 
velopment, where charcoal, which is ap 

| excellent fuel, is available in large quan. 


| tities for use in them, and where petrol 
| is dearer than in England, there were 
in 1938 only about 4,000 producer gas 
vehicles, which is only a small propor. 
| tion of their total transport. 

| “It should be mentioned, too, that 


producers in France received a large 








measure of government encouragementig A syr 
e.g., almost complete remission of tax-§ ing fo 
ation.” exam 

made 


| The following table shows the dis- 
| tribution of gasogenes in use in various only 













| nations in 1942: high 
| Axis-Controlled er Va — 
Countries Reported in Use 
| ee ECCT 350,000 
| OGD + 9:0 35+ 6 eaneu whe 110,000 
Pe atc ieee waists 35,000 
REE. Sa cs iad xea cers 20,000 
NN ce oa. 15,000 
es SOD Derr eens: 6,000 
OPE Barrer 3,500 
eo eer y ee eee ie 1,000 
HOMER os ok 2 eiciv cdc 50 
MRE eo piece ae 540,550 


| Neutral Countries 

Ere 
Switzerland 
Spain 
Ireland 
POUNE ooo bcos os eae 





OCA... auic co men 
Allied Countries 


Russia 
Australia 
Brazil 
India 

Britain 
Chile 
China 
Sotth: Afrie¢ . oii 5 isda 
SOGUOGSEE 560s xs hoses eRe 
United States ... 2.050 
CEOGGR bi kes coke 


Tetel oisesicvkee 188,654 | 
In the United States of Amen 


| there are just six gasogene vehicles 
| view of our oil resources, it is unlike! 
that producer gas will play an im 
portant role as motor fuel in our € 
nomic life. 


ee 





Chemical Engineers to 
Meet in Pittsburgh 


The annual meeting of the Americ 
Institute of Chemical Engineers ™ 
be held\ November 15 and 16 in Pitts 
burgh. Headquarters will be at the Wi 
liam Penn hotel. ; 

This will be the thirty-sixth meet 
of the organization. 


HE 
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A synthetic resin plant now produc- 
ing for Victory provides an excellent 
example of how Dowtherm can be plify it greatly. The result was a 
made toserve a double purpose. Not _—substantfal economy in materials 
oly is close control available at and mg 
high temperatures with Dowtherm 
vapor, but controlled rapid cooling This }j 
can be effected by circulating liquid 
Dowtherm through the same system fle; 
ater the heating cycle is completed. tefmperature, low pressure heat 


Because Dowtherm assures accurate, ansfer medium. Perhaps Dowtherm 
closely controlled temperatures, a an aid you in improving your prod- 
greater uniformity and better qual- uct with a saving in men, money 
ity of the product results. By design- and materials. 


THE DOW CHEMICAL COMPANY, MIDLAND, MICHIGAN 


New York « Cleveland « Chicago «+ St. Loui 








¢ Houston «+ San Francisco « tos Angeles «+ Seattle 





FLOW DIAGRAM 
OF THE RESIN PROCESSING 
EQUIPMENT 


Arrangement of high tempera- 
ture and low temperature re- 
actors for resin processing. 
Provision is made for rapid 
cooling of all reactors with 
Dowtherm liquid. Heat for pro- 
cessing is derived from the 
Dowtherm vaporizer, Dowtherm 
vapors being used for the high 
temperature section and liquid 
Dowtherm being used for the 
low temperature section. - 


FLOW SHEET COURTESY OF FOSTER-WHEELER CORP 


)OWTHERM 


HE HIGH TEMPERATURE, LOW PRESSURE, HEAT TRANSFER MEDIUM 


NDISPENSABLE 


ANI VICTORY 






October, 1943—A Gulf Publishing Company Publication 





GIo712s OF STEEL 


FASHIONED FOR INDUSTRY 


The vital needs of war industries for 
fabricated piping in all its multi- 
phases are being fulfilled constantly 
in Associated shops. Time is usually 
a basic factor. On this premise, Asso- 
ciated services become increasingly 
comprehensive. For example, high 
pressure, high temperature alloy fab- 
rications are completed without look- 
ing to secondary sources for flange 


requirements. This is possible be- 
cause Associated manufactures flanges 
(2500 Ib. carbon moly ring joint 
flanges on fabrications pictured 
above). Time saved by this unusual 
auxiliary service alone is worth —— 
how much? 

Whatever your power fabrication 
requirements, let Associated do the 
work 


WAR PRODUCTION .. . This company is engaged in high 
priority war production, proud of its responsibilities and 
fulfilling them to the letter. 
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2332 EAST 38TH STREET 
ANGELES, CALIFORNIA 





UOP Announces Pentane 


Isomerization Process 

Universal Oil Products Company, 319 
South Michigan Boulevard, Chicago 
has developed a catalytic process for 
isomerization of pentane. It is now 
available to the refining industry. Part 
of the announcement gave these details: 

“The process is simple, continuous 
in operation and easily controlled, It 
produces high yields at relatively low 
recycle rates, and dispenses with the 
use of hydrogen. Catalyst consumption 
is low. 

“Tsopentane is a necessary component 
of 100-octane-aviation gasoline. It js 
the best hydrocarbon available to give 
aviation gasoline the required vapor 
pressure of seven pounds; improve the 
octane rating; increase the volume, 

“Tsopentane, in addition to being val- 
uable in aviation fuel, will play a promi- 
nent part in the production of high- 
quality postwar motor fuels. 

“Considerable amounts of isopentane 
are contained in the base stock pro- 
duced by catalytic cracking. It is neces- 
sary, however, to supplement this sup- 
ply from other sources, One of these, 
natural gasoline, contains large quanti- 
ties of normal pentane but a limited 
amount of isopentane.” 


New Type of Black to Be 
Made by Phillips 


Construction of a furnace black plant 
for the manufacture of a new type black 
has been announced by Phillips Petro- 
leum Company of Bartlesville, Okla- 
homa. The new plant, which will pro- 
duce approximately 22 million pounds 
of the new type black per year, is 
being built as a private enterprise by 
Phillips adjacent to the Phillips de- 
signed and operated government buta- 
diene manufacturing plant in the Texas 
Panhandle. Full scale production is an- 
ticipated before the close of the year. 

Thirty to 40 pounds of black are 
required in the compounding of each 
100 pounds of synthetic tire rubber, 
and this new type furnace black called 
“Philblack” is the result of years of 
intensive research by Phillips to develop 
a black particularly adapted to the 
manufacture of synthetic rubber auto- 
mobile tires. 


Association to Provide 
Lubricating Test Engines 


Engines for determining the service 
behavior of lubricating oils will 
added to the laboratory of Pennsylvania 
State College by the Pennsylvania 
Grade Crude Oil Association. In mak- 
ing public this recommendation of its 
technical advisory committee, the asso- 
ciation explained: 

“The laboratory has carried on the 
so-called ‘bench tests’ on lubricating oils 
for many years and will now be 4 le 
to supplement information thus 0D 
tained by actual engine runs. Correla- 
tion of the results of each type of test 
will give the petroleum chemist further 
insight into the character and quality 
of the material and enable him to pre 
dict the ultimate performance of lubri- 
cants in actual motor-vehicle operation 
with a greater degree of accuracy. A& 
ditional information obtained through 
these combined approaches to the prob 
lem will then be available to the man 
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Since 1841 we've learned a lot about 
working sheet metals and tubing into all manner 


of shapes without dangerous forming stresses. 


In putting those deep corrugations into Badger 
Corrugated Expansion Joints, no “shock” methods 
are used . .. no hammering, forging or sharp die- 


pressing to stretch or weaken the metal. 


BADGER DIRECTED FLEXING 
SELF-EQUALIZING EXPANSION 
JOINTS—ALL-CURVE Equal- 
izing Rings not only control and 
limit the flexing movement, but 
reinforce the joint to far beyond 
the “safety” point. For long trav- 
erses. Made of Stainless Steel 
for higher pressures and temper- 
atures and corrosion resistance. 
Also made in Copper for steam 
distribution. Bulletin No. 100. 





BADGER NON-EQUALIZING 
(packless) EXPANSION JOINTS 
—with single or multiple corru- 
gations for lines where pressures 
donot exceed 25 pounds and trav- 
“86s not exceeding 14’. Also used 
to absorb strains, vibrations and 
distortions between connecting 
‘uipment. Bulletin No, 200. 





RADGER CORRUGATED 
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“Your life-line 


is perfectly formed . . . UNI- 
FORM—no thick-and-thin sec- 
tions . . . ALL-CURVE—no 
weak corners or ‘junctions.’ I 


see a long life ahead for you.’ 











Badger joints are “babied” into shape—a step 
at a time—by special Badger-perfected means and 


under scientific heat-treatment during fabrication. 


Result: Into your pipe line goes a joint that is 
uniformly resistant to temperatures and pressures, 
and as responsive to expansions and contractions 
as modern engineering can make it.... A joint 
with ALL-CURVE corrugations—no straight sides 
or “junctions” to encourage localized stresses. . . . 
A joint that will retain its flexing characteristics 


under long and severe use. 


FREE BADGER BULLETINS (see left) tell 
more about the ALL-CURVE Corrugations, ALL- 
CURVE Equalizing Rings, Directed Flexing, ‘‘Pack- 
less’? and other features of Badger Corrugated 
Expansion Joints. 





IF ITS BADGER-MADE IT’S GOT SOMETHING! 


E. B. Badger & SONS CO. 


75 PITTS STREET, BOSTON, MASS. 
AGENTS IN PRINCIPAL CITIES 


EXPANSION JOINTS 
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Air-conditioning ducts in the attic of a large theatre. The 
Koldboard was applied directly to the duct surface and held 
in place by 16 gauge wire. All joints sealed with hot asphalt. 


Condensation difficulties which occur in low temperature 
ducts can be eliminated by the use of B-H Koldboard. 
Made from B-H Black Rock-Wool, Koldboard is moisture 
repellent, chemically stable, and non-combustible — the 
perfect combination for maximum insulating efficiency. 
The fibres are felted and bonded together to form flat, 
semi-rigid blocks. 


Effective for temperature ranges from —150° to 300°F 
it provides ideal low temperature insulation for cold 
storage rooms, air-conditioning ducts, refrigerators, roof 
insulation, marine bulk heads, ship hulls, etc. Tests by 
well-known testing laboratory show that B-H Koldboard 
has a thermal conductivity of 0.32 BTU/sq. ft./hr./° F 
at a mean temperature of 75° F. 


Send for a generous size sample of B-H Koldboard and 
copy of current catalog. 





BALDWIN-HILL COMPANY 


5967 KLAGG AVE. + TRENTON 2, N. J. 
NEWYORK, N.Y. + CHICAGO,ILL. - KALAMAZOO, MICH. - Bt IND. 
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facturers of Pennsylvania grade lubri- 
cating oil. 

“The latest step is a part of the 
broader program of development in re. 
search voted by the board of directors 
recently. Other studies which will be 
inaugurated soon, include investi; gation 
of production methods, designed to in- 
crease the output of crude oil from the 
region. The problem of providing more 
and more Pennsylvania grade petroleum 
for the nation’s war program is a serious 
one and oil men in the region are bend- 
ing all their efforts in that direction.” 


The Texas Company Opens 
New Plant in Chicago 


Large quantities of toluene are now 
being manufactured in a new $6,800,000 
unit at one of The Texas Company’s 
refineries in the Chicago area. 

The new unit, first to be constructed 
in Illinois, was built under an Army 
Ordnance contract. 

No formal opening ceremonies were 
held at the plant, as it was felt that 
the time could be spent more adyan- 
tageously in actual production. 


Cook Will Do Special 
Assignment for PAW 


Kenneth E. Cook, of the public rela- 
tions department of the Standard Oil 
Company (New Jersey), 30 Rockefel- 
ler Plaza, New York City, has been 
granted a leave of absence to join the 


| public relations department of the Pe- 
| troleum Administrator for War _ in 


Washington. Cook will be engaged on 
a special assignment which is expected 
to be completed within three months. 


Argyle Assistant PAW 
Refining Director 


William R. Argyle has been appoint- 


| ed assistant director of the refining 





division of the Petrolecm Administrator 
for War. He is on leave from Sinclair 
Refining Company, being assistant man- 
ager at the Marcus Hook plant. 

After graduation from the Univer- 
sity of Utah in 1915 he joined the staff 
of the United States Bureau of Mines. 
Five years later he became a fuel exgi- 
neer with Sinclair Refining Compan) 
He was superintendent of the Marcus 
Hook plant from 1920 until his recent 
promotion to assistant manager. 


Warren Transfers Thompson 
To Oklahoma Gasoline Plant 


P. E. Thompson, who has been super- 
intendent of the natural gasoline plant 
of Warren Petroleum Corporation, Sa 
lem, Illinois, has been transferred to 
the new plant in the Madill field, Okla- 
homa. 

C. V. Quinn, who has been at the 
Madill plant, will become superintendent 
at Salem. 


Morgan Is a Director of 
Standard of Louisiana 


Judge Cecil Morgan, general aed 
ney of Standard Oil Company of 
isiana, Baton’ Rouge, has been slected 
a vice president and director. He suc- 
ceeded Judge Thomas M. Milling, g&® 
eral attorney, who retired August }- 

Judge Morgan has been affiliated with 
Standard Oil Company of Louisiama 
since November 1, 1936, when he ft 


Petroleum Refiner—Vol. 22, No. 0 October 


% 














sgh 
ea 
ee 





cont 
indir 
engi: 


In 
The 
and 
comy 
Just 
lead: 


Cons 


Be 
you : 
and | 








ittor- 
Louw- 
ected 
suc- 
gen- 
eS 
with 
isiana 
e re 


Simplifies Purchasing and Layouts 


By specifying a factory-assembled group for your high-voltage 
control, you consolidate the selecting, ordering, and laying out of 
individual devices into one simplified process—saving hours for your 
engineers, purchasing men, and draftsmen. 


Saves Installation Time and Space 


Instead of separate devices, you install only one control board. 
The individual starters, each combining an oil-immersed contactor 
and EJ-2 fuses in a single metal cubicle, are pre-assembled into a 
compact group, which is wired and shipped as a complete panel. 
Just set it in place and connect the incoming line and outgoing motor 
leads. 


Conserves Critical Material 

Because of the compact arrangement of these starters into a group, 
you save the vital material that would be used for bus, conduit fittings, 
and wire connections on separately installed controls. 


For further information, get in touch with the nearest G-E office. 
One of our sales engineers will be glad to help you select 2300-volt 
control for your plant. General Electric, Schenectady, N. Y. 


676-91 -8920 
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GROUP CONTROL FOR CORROSIVE OR 
SEMIMAZARDOUS LOCATIONS 


For full-voltage or re- 
duced-voltage Starting of 
induction or synchronous 
motors which drive pumps, 
blowers, compressors, and 
other equipments, indoors 
or outdoors. Individual 
Starters can be supplied 
for isolated locations. 





CONTROL 














3 Types 
Meet Every 


Need 
WeldOlets for butt 


welded branch con- 
nections. 


ThredOlets for 
screwed branch 
connections. 

Socket-End 
WeldOlets for socket-type 
welded branch connections. 


: Make Good | 
 |Piping Better 
with 
WELDOLETS - 
THREDOLETS 















WeldOl en 
wig © ony er flanged joints mean 


less possibility of leaks. 


! 
cs - 
~"§8i a 5 8 


a 


Vibration 


‘ d improved 
to light weight a0 esses 
7 conditions, vibesione leaks 


ee of duced, poss Thred- 
eons | oitminated when WeldOlets, 
Olets are usee- 


WeldOlets, ThredOlets and Socket-End WeldOlets are suitable for all com- 
monly used pressures and temperatures in every type of piping system. They are 
installed either before or after erection of the main line—and always with ease 
and economy. They are equally well adapted to pre-fabricated or “on-the-job” 
assemblies. Stocked for all standard pipe sizes up to 12” in size-to-size and 
reducing sizes—and can be supplied on special order for pipe up to 24’. Stock 
fittings ere drop forged steel, but to meet special conditions will be supplied in 
Monel, Everdur, Toncan Iron, wrought iron, etc. 


Bulletin WT31 gives detailed information about all the advantages of WeldOlets, 
ThredOlets and Socket-End WeldOlets. Write for your copy today. 


Forged Fittings Division 


~ Bonney Forge & Tool Works, Allentown, Pa. 


AD So) @] = 
~=sosdFD THREDOLETS 


Welded Outlets fr Every Pyping System 





\\ Star Awarded 
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signed as Judge of the First } udicy 
District Court, Caddo Parish, to which 
he was first elected May 2, 1934 4 
become attorney for the company jp 
Shreveport. He moved from Shreye. 
port to Baton Rouge in September; 
1941. He is a graduate of Louisian, 
State University. 

From 1928 to 1932 he was a member 
of the Louisiana House of Representa. 
tives from Caddo Parish and in 193 
he was elected a member of tiie State 
Senate from the 25th Senatorial Dis. 
trict of Louisiana, from which post he 
resigned when elected to the Caddo 
District bench. 


Frontier Is Completing 


Aviation Gasoline Units 


Frontier Refining Company, Chey- 
enne, Wyoming, is completing units 
which will provide substantial output 
of aviation gasoline. The plant had 
capacity of 1600 barrels daily and crack- 
ing capacity of 750 barrels when plans 
were made for adding units for process- 
ing to high-octane gasoline. 

Processes added by Universal Oil 
Products Company include fluid-flow- 
catalytic cracking, hydrogen-sulfide al- 
kylation, butane isomerization, thermal 
reforming and a gas concentration unit 
of UOP design. 


Safety With 
Glass Tubes 


“How many of your laboratory work- 
ers have been injured in the past year 
while handling glass tubing? It would 
be wise to make a study of this prob- 
lem for it harbors real danger. 

“A survey was made recently of four 
laboratories in a large oil refinery, and 
to the surprise of all concerned, the 
glass tube cuts and puncture wounds 
were found to be not only the most 
frequent type of injury, but also the 
most severe. Four workers were found 
to have incurred permanent partial dis- 
abilities in recent years due to glass 
tube cut accidents. One had a stiff fir- 
ger, another lost some use of a hand, 
and another had injured tendons ina 
wrist. But the case that attracted most 
interest and sympathy was the result 
of a glass tube cut barely %-inch long 
at the base of a little finger near the 
hand. This man has undergone five 
operations in the past 7 months, and 
a total of 16 hours on the operating 
table—and was on his way to a distant 
city to a plastic surgeon for his sixth 
operation when he was interviewed. 

“Which brings us to the the pom 
of what can and should be done t0 
prevent these injuries. Here’s a partial 
list of safe practices developed by the 
personnel in the laboratories surveyé 
looking to the prevention of such actr 
dents: 

“1. The ends of all glass tubes must 
be fire polished. 

“2. A glove or cloth protector must 
be used when inserting glass tubing 
into rubber tubing or stoppers or. corks. 

“3. The tube end should be moistened 
with glycerine or some other suitable 
liquid. 

“4. Grasp the tube close to the end 
where pressure is applied, and work 
into the rubber tubing or stopper 
cork with a slow rotating motion. |. 

“5. Discard all glass tubing with vs 
ble defects.” 

—Petroleum Safety 
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Those are the conditions under which this 
bank of three-pass, self-draining submerged 
condensers operate on rerun stills for a 
Southern oil refinery. Designed and fabri- 
cated by J. B. Beaird Company, of Shreve- 
port, Louisiana, Anaconda Admiralty Con- 
denser Tubes were selected as the most 
desirable for this particular requirement. 
But in oil refineries, operating conditions 
for condensers and heat exchangers are sel- 
dom the same. Liquids and vapors have 
various degrees of corrosiveness. Working 
temperatures are frequently high. Corrosive 
chemicals are commonly added to neutralize 


= - 


ANACONDA 
CONDENSER TUBES BETWEEN... 









ON THE INSIDE 


Glee ON THE OUTSIDE 
ADMIRALTY 








objectionable elements. Water supply is often 
inadequate, making necessary the use of cool- 
ing towers with the inevitable accompani- 
ment of harmful air saturation. 


Because of the complex conditions under 
which condensers and heat exchanger tubes 
must serve, The American Brass Company 
manufactures a wide range of tube alloys. In 
addition, Engineers of our Technical Depart- 
ment, having devoted years to the study of 
these conditions in various combinations, are 
prepared to help users select the most eco- 


nomical alloy. apc 


“~ Anaconda Condenser fubes 


THE AMERICAN BRASS COMPANY «General Offices: 


Waterbury 88, Connecticut 


Sabsidi tary of Anaconda Copper Mining Company + In Canada:'Anaconda American Brass Ltd., New Toronto, Ont. 


BUY ALL THE BONDS YOU CAN AFFORD --- TURN IN ALL THE SCRAP YOU CAN FIND 
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Standard Oil Company (N. J.) States 
Its Attitude in Regard to Cartels 


Continued discussion of the propriety 
of cartels resulted in the following 
statement from Standard Oil Company 
(New Jersey): 

“Apparently, ‘cartels’ are to become a 
political issue. 

“As one American corporation which 
has done business all over the world 
to the benefit of American consumers 
and the nation as a whole, we should 
like to state our position. 

“At one time, a generally accepted 
definition of the word ‘cartel’ was ‘a 
combination to control production and 
fix prices.’ But over the past few months 
‘cartel’ has gathered to itself new and 
strange connotations. It has been sub- 
jected to what propagandists call ‘name 
calling — giving an idea a bad label 
which is used to make us reject and 
condemn the idea without examining 
the evidence.’ The word ‘cartel’ has be- 
come the label of something ‘bad.’ As 
an emotional symbol, it calls forth the 
response of a ‘secret,’ ‘un-American,’ 
‘contract with foreigners.’ 

“Clearly, then, our views on agree- 
ments which control production and fix 
prices are not enough. We must also say 
what we think about some other things 
—including ‘secret’ agreements and ‘con- 
tracts’ with foreigners.’ Here are our 
views: 

“1. We do not believe in controlling 
production—whether it is done by bu- 
reaucratic expedient or by business men 
behind the locked doors of board rooms. 
When there seems to be over-produc- 
tion, it is the American way to vse 
science in finding new uses for the 
product, to improve the methods of 
distribution so that people can share 
what is being produced at a lower cost. 

“As Justice Brandeis once said, ‘The 
one final way in which we can improve 
the condition of the worker is to pro- 
duce more, in order that there may be 
more to divide.’ 

“Like most responsible American cor- 
porations, we are dedicated to that 
American way. 

“We think there is one notable ex- 
ception to this general rule. Sometimes 
over-production threatens to waste or 
use up a natural resource. Then, we 
think it is the responsibility of govern- 
ment—the agent of all the people to step 
in and stop dangerous depletion of these 
irreplaceable resources. The American 
people have already accepted the valid- 
ity of this principle. The oil-producing 
states, with the approval of Congress, 
have established the Inter-State Oil 
Compact for the purpose of conserving 
nation’s oil resources. Under this com- 
pact, the governing authorities of Texas, 
for example, fix—in open public hear- 
ings—quotas for the production of oil 
within the state. 

“2. We do not believe in combinations 
to control price. Quite aside from any 
moral principle involved, we think it is 
folly for a business to believe that it 
can be secure in such an arrangement. 
Such a business has become defensive 
in policy. Sooner or later somebody is 
going to develop better ways to make 
the product more cheaply and then 
take the market awav from the price- 
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fixers. Like most responsible American 
corporations, our constant objective is 
to be that ‘somebody.’ It has been our 
experience that a clique which has run 
into the dead-end street of trying to 
save its business by maintaining un- 
natural prices is the easiest kind of 
competition. 

“Of course, there are times when gov- 
ernment in a national emergency has 
to step in and control prices. We are in 
such a period now, when disastrous in- 
flation would result from sharp rise in 
commodity prices. But even in such an 
emergency, price control must be han- 
dled with candor, efficiency and single- 
ness of purpose. 

“3. We are for business dealings with 
people in foreign countries. The Ameri- 
can has traditionally roamed the face of 
the earth—bringing back new things to 
make life better and happier for our 
citizens, and carrying the gospel of the 
American standard of living to people 
in other lands. The bitter experience of 
two bloody and costly wars has shown 
that international trade must be _ in- 
creased, planned more intelligently, 
made easier—not frustrated or blocked. 
For one thing, everybody seems to 
agree that basic raw materials must 
be more easily, more equitably available 
to the people of all nations. 

“The responsibility for such planning 
seems to us to lie with representatives 
of our government working together 
with the representatives of the govern- 
ments of other nations. If that is a 
‘cartel,’ then we are for that kind of 
cartel. 

“Of course, when American business 
men do business in other countries, they 
must do business the way that country 
does it. They must obey the laws of the 
land. No matter how much he may pre- 
fer the way we do business in this 
country, no American business man can 
hope to change the political structure 
of a foreign country just to suit his 
convenience. For example, our govern- 
ment in 1922 urged American companies 
to secure rights to produce oil in the 
Near East. We attempted to acquire in- 
terests in Iraq. After six years of ardu- 


ous negotiation, we entered into an 
agreement which limited to a certain 


percentage our share of the oil to be 
produced and restricted our producing 
activities throughout the whole area. 

“In the United States a contract 
would probably violate the Sherman 
Anti-Trust Act. The point is, that if 
America was to get any of the oil of 
Iraq, American companies had to abide 
by the conditions imposed by interna- 
tional competition. 

“4. We are against secret agreements. 
We think that secret agreements are a 
bad business policy—and that in our 
American democracy there is a funda- 
mental reason for this position. ln this 
country we are dedicated to the prin- 
ciple that the will of the people shail 
prevail. If this principle is to be effec- 
tive, it means that the people must have 
the facts on which to form their 
opinions. 

“It has been our observation that the 
judgment of the American public has 


been consistently right when it has the 
facts. Any business which deliberately 
follows a policy of secrecy and mystery 
is vulnerable to the attacks of any ill- 
wisher who sees some personal advyan- 
tage in stirring up prejudice based on 
misrepresentation and distortion of the 
truth. 

“Of course, there are times when pub- 
lication of the facts is against the na- 
tional interest. But here, again, respon- 
sibility for this decision should rest 
with government. 

“We are ready to file with the De- 
partment of State—or some other desig- 
nated government agency—copies of all 
contracts that we make with foreign 
corporations. If that agency considers 
publication of the facts to be in the 
public interest, we are for publishing 
them to the world.” 


Final Settlement for 
Mexican Expropriation 


The State Department closed the con- 
troversy between the oil industry in 
the United States and the government 
of Mexico by accepting total settle- 


ment of $29,137,700.84 for properties 


taken over in the expropriation of 
March, 1938. The agreement calls for 
additional payments of $20,137,700.84, 


$9,0000,000 having been paid in 1941. 

The department announced that the 
agreement was reached through an ex- 
change of notes between Adolf Berle, 
Jr., Acting Secretary of State, and 
Rafael de la Colina, Mexican charge 
d’ Affairs. 

Payments under the agreement began 
September 30 with a _ remittance of 
$3,796,391.04, and the balance will be 
paid in four annual installments of 
$4,085,327.45 each. 

The total of $29,137,700.84 which thus 
will represent the payment made by 
Mexico for properties which the com- 
panies contended were worth between 
$400,000,000 and $500,000,000, represents 
$23,595,991 plus $5,141,709.84 interest at 
3 percent on all unpaid balances from 
March 18, 1938, to September 3, 194/, 
the date set for the final payment. 

The first payment of $9,000,000 was 
made on November 19, 1941, when the 
two governments agreed to appoint 
experts to determine the just compensa- 
tion to be paid for the properties. The 
experts, Morris L. Cooke for the United 
States and Manuel J. Zevada_for 
Mexico, placed a valuation of $23,995, 
991 on the losses sustained by American 
nationals and provided at interest at 
percent per annum from the date of the 
expropriation to the date of final settle- 
ment on all balances due. 

In conformity with the basic agree 
ment the evaluation was final and its 
terms are carried out by the arrange 
ments announced by the department. 


Petroleum Library Available 
To South Americans 


A library specializing in petroleum 


techniques is now being formed at the | 


headquarters of the Institute Sudamet 
cano del Petroleo, Avenida Agracia 1404, 
Piso 90, Montevideo, Uruguay. This 
library will be the first one in its class 
in South America and will have a set 
ice of bibliographical information at the 
disposal of all the South American 
countries, 
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FULLY AUTOMATIC “WHIZZER”... 


A laundry-type whizzer requires an operator. Also the 
rinsing and drying cycle is subject to human error. 

Many salts can be dried much more cheaply in the 
fully automatic Super-D-Hydrator shown below. Also 
the product is more uniform, as the loading, rinsing 
and drying are mechanically controlled. The cycle 
can readily be changed by turning a thumbscrew 
while the machine is running. 

Do your dryers need modernizing? 












































Slurry enters through the automatic valve A and feeds into the basket B, which remains at 
full speed through the run. Another automatic valve controls the rinse spray. When the dry- 
ing cycle is completed the knife C is raised by the hydraulic piston at D and diverts the 
cake down the chute E. The pump F creates the hydraulic pressure. All operations are 
fully automatic. 


|The SHARPLES Corporation 


CENTRIFUGAL AND PROCESS ENGINEERS 


2300 WESTMORELAND STREET + PHILADELPHIA + PENNA. 
s 
LONDON « PARIS « NEW YORK « BOSTON «© PITTSBURGH ¢ CLEVELAND 


DETROIT + CHICAGO * DALLAS «+ SEATTLE » SAN FRANCISCO «+ LOS ANGELES 
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SCIENCE AND TECHNOLOGY 


Abstracts prepared in co-operation with the 
PETROLEUM REFINER 
by 


THE LESLIE LABORATORIES 
Traver Road, Ann Arbor, Mich. 


under the supervision of 
DR. E. H. LESLIE and DR. H. B. COATS 








The abstracts here presented are selected, from the current literature of science and 
technology to afford reference to fundamental information not easily available to all readers. 
Abstracts of articles appearing in readily obtainable trade journals are not included. 

Photostat copies of original articles will be supplied at cost by the Leslie Laboratories. 
Complete or limited bibliographies covering special topics by title, by abstracts, or in com- 
plete manuscript, will also be prepared and furnished at reasonable cost by the Laboratories. 








Fundamental Physical 
And Chemical Data 


Standard Temperature for Specific 
Gravity Determination and Volume Cor- 
rection, Jour. Inst. Petr. 29 (1943) pp. 
190-1. 

The note on temperature correction is 
published in the Journal to express the 
view of the Institute of Petroleum that 
60° F. is the standard temperature to 
which the volume of petroleum products 
should be corrected when necessary, 
rather than 20° C. as adopted in some 
other industries. The Institute is of the 
view that the Imperial gallon should be 
retained as the unit of volume in British 
territories, and that it should remain in 
line with American practice by specify- 
ing 60° F. as the standard temperature 
to which oil volumes should be cor- 
rected. The committee proposes to re- 
construct Table 4 of the U. S. Bureau 
of Standards Circular C. 410, National 
Standard Petroleum Tables, replacing 
the U. S. gallon by the Imperial gallon 
as the unit of volume. 


Nomograph for P-V-T Relations of 
Gases Below the Critical Point, G. W. 
TuHomson, Ind. & Eng. Chem. 35 (1943) 
p. 895. 

A correlation of the available data for 
hydrocarbons on the compressibility of 
vapors below the critical point was made 
by Cope, Lewis, and Weber. Their re- 
sults were expressed by the equation: 
u log u= P,rf», in which u => PV/RT, 
P, = reduced pressure, and fw» —a func- 
tion of reduced temperature only. A di- 
rect solution for u is not possible because 
of the transcendental nature of the finc- 
tion, but a nomograph can be simply 
constructed that obviates the tedio:s 
interpolation between curves necessary 
in a graphical solution. Such a nomo 
graph is presented by the author. 


Volumetric Behavior of Methane, .R. 
H. Ovvs, H. H. ReEAmer, B. H. Sace, AND 
W. N. Lacey, Ind. & Eng. Chem. 35 
(1943) pp. 922-4. 

The volumetric behavior ot methane 
was investigated at pressures up to 10,- 
000 pounds per square inch in the tem- 
perature interval between 100° and 460° 
F, The equipment and methods used 
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have been previously described. The vol- 
ume of the working chamber was large 
enough so that adsorption did not play a 
significant part in the uncertainty of 
measurement. The gas used was pre- 
pared from gas from a field in the San 
Joaquin Valley. It consists essentially of 
methane with water vapor and a trace of 
carbon dioxide. The quantity of ethane 
and heavier hydrocarbons in the purified 
gas was less than 0.0002 mole fractions. 
The results of the experimental work 
are presented in tabular and graphical 
form, and are compared with values ob- 
tained in earlier investigations by others. 


Thermal Data. XVII. The Heat Ca- 
pacity, Entropy, and Free Energy of 
Formation of Cyclohexane. A New 
Method of Heat Transfer in Low Tem- 
perature Calorimetry, R. A. RUEHRWEIN 
AND HucH M. HurrMan, Jour. Am. Chem. 
Soc. 65 (1943) pp. 1620-25. 

The heat capacity of cyclohexane was 
measured over the temperature range 13 
to 300° K. Two meas-rements were 
made of the heat of transition and two 
of the heat of fusion of cyclohexane. 
lhe apparatus used in the work is de- 
scribed in deta‘l, as well as the method 
of operation. The data taken are re- 
ported in tabular and graphical forin. 
The molal entropy and free energy of 
liquid ‘cyclohexane at 298-16° K. were 
calculated, S = 48.84 cal./degree, AF°r = 
5.99 kcal. The results of the authors’ 
measurements of the heat capacity differ 
from those of Aston, Szasz and Firk by 
an amount greater than the experimenial 
errors claimed by either. 


Heats of Vaporization from Reference 
S.bstance Plot, D. H. Gorvon, Jnd. & 
Eng. Chem. 35 (1943) pp. 851-3. 

A plot of the vapor pressure of a sub- 
stance against the vapor press.re of a 
reference substance at the same values of 
reduced temperature gives a_ straight 
line the slope of which is qveal to 
(T’./Te) K (L/L’) where T. and L rep- 
resent the critical temperature ard the 
molal latent heat of vaporization, re- 
spectively, and the primes indicate a 
reference substance. This is true because 
of the relative corstancy of the rat'o 
L/L’ when both are taken at the same 
valve of reduced temperature. From the 
slope of the line, from the critical tem- 


peratures of the substance in question 
and of the reference, the latent heat of 
vaporization of the substance in question 
can be calculated at any temperature. 
Other methods for calculating latent 
heats are briefly reviewed and discussed. 
Data are presented for ammonia, carbon 
dioxide, propane, methyl chloride, 
dichlorofluoromethane, dichlorodifluoro- 
methane. 


Viscosity of Solutions in Branched- 
Chain Paraffins, E. H. McArpie Ann A 
E. Ropertson, Ind. & Eng. Chem., Anal. 
E-d. 15 (1943) p. 484-7. 

Solutions of an alkyd-type resin, and 
of a natural and two substitute rubbers, 
at high concentrations in two pentanes, 
four hexanes, five heptanes, and two 
octanes show much higher absolute and 
relative viscosities in the branched paraf- 
fins than in the corresponding normal 
paraffins. An arbitrary method of pre- 
dicting the viscosity of the resin solt- 
tions in branched paraffins was devised. 
Large differences observed between 
solution viscosities suggest a rough 
method of hydrocarbon analysis. 


Chemical Compositions 


And Reactions 

Pure Hydrocarbons from Petroleum, 
J. Grisworp, C. F. VAN Bere, Anp J. E 
Kascu, Ind. & Eng. Chem. 35 (1943) pp 
854-7. 

The inadequacy of fractional distilla- 
tion allowance for analysis and prepafa 
tion of pure hydrocarbons from Ce pe- 
troleum fractions was confirmed. The 
operation cannot resolve mixtures Com 
taining benzene, and may give misleat 
ing results on paraffins and naphthenic 
mixtures. A qtantitative analysis for the 
hydrocarbons present in a narrow-boiling 
Mid-Continent hexane fraction (from 
natural gas) was obtained by nitrating 
the benzene and separating the ale 
matic-free mixture into — essentially 
paraffinic and naphthenic portions 
selective solvent extraction, then [ac 
tionating each portion in a Podbielniak 
Heli-Grid column. In contrast to reporls 
on other straight-run hexane fractiom, 
the 3-methylpentane content was [0° 
small for identification of this hydro 
carbon. Methylcyclopentane is 0! widle- 
s>read occurrence in virgin naphthas 
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THANK YOU, Mr. Fraser, 
for your kindness in sending us this wire. In 
turn, we want to express our gratitude to 
YOUR organization for the splendid cooper- 
ation given our men in the emergency. We 
are glad to have been of service and to know 
that we have assisted: your company in the 
tremendously vital role it is playing in the 
war effort! 


Four FLUOR FEATURES combined to make 
this tremendous rebuilding job a reality in 
record time. First, Fluor’s ample stock of Red- 
wood and hardware enabled our mill to main- 
tain its record production in spite of the fact 
that only one car of lumber was received in our 
yard during the entire period! Second, Prefabri- 
cation enabled erection to be completed in 
record time. Third, Standardization enabled 
us to make immediate shipment of the re- 
quired bays of Fluor cooling towers. Fourth, 
Fluor Maintenance and Repair Service, through 
its understanding of all types of cooling 
towers, was in a position to meet the emer- 
gency quickly, intelligently and efficiently to 
dramatically emphasize the fact that you can 
always Be Sure With Fluor! 


COOLING TOWER DIVISION 
THE FLUOR CORPORATION, Ltd. 


2500 South Atlantic Boulevard 
Los Angeles 22, California 


NEW YORK * PITTSBURGH * KANSAS CITY * HOUSTON 


AR:BUILDS IT IN 20 DAVS 


hthas 
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Powerful - Fast 


NOI LOR TT 
Tube Cleaners 
for small tubes 


For cleaning light scale from very small 
tubes, the fully self-contained Roto 
Junior Tube Cleaner offers advantages 
possessed by no other type. It is built 
with watch-like precision on the same 
time-tested principles as our large clean- 
ers. The unusual power for its size is due 
to the positive contact between the solid 
blade and Rotocentric bore cylinder, which 
provides an undivided air stream and free- 
dom from leakage. Roto heads and brushes 
have quickly-replaceable, inexpensive 
wearing parts which reduce greatly the 


cost of operation. 











Simple Construction 


A shaft and solid blade are 
the only moving parts in 
the Roto motor. 





and is more difficult to separate quanti- 
tatively from n-hexane than has been 
generally appreciated. 


The Isomeric p-Dibutylbenzenes, ¢. 
F. HENNION AND L. A. Auspos, Jour. Am. 
Chem. Soc. 65 (1943) pp. 1603-6. 

The isomeric p-dibutylbenzenes lave 
been prepared by direct alkylation of the 
butylbenzenes or by acylation of the 
butylbenzenes followed by Clemmensen 
reduction. The isomerization of n- and 
isobutyl groups to s- and t-butyl groups 
respectively, by boron fluoride in alkyla- 
tion procedures has been reconfirmed. 
At temperatures up to 75° no isomeriza- 
tion of a butyl group already in the 
benzene ring is effected upon further 
alkylation by boron fluoride either alone 
or with phosphorus pentoxide. Fight 
new p-butylbutyrophenones were pre- 
pared and described. The physical prop- 
erties of the p-dibutylbenzenes and 
p-butylbutyrophenones are tabulated. 


Formation of Cyclopropanes from 
Monohalides. IV. Some Reactions of 1- 
Chloro-2-methyl-2-phenylpropane (Neo- 
phyl Chloride), F. C. Wuitmore, C. A. 
WEISGERBER AND A. C. SHABICA, JR., Jour. 
Am. Chem. Soc 65 (1943) pp. 1469-71. 


Some reactions of neophyl chloride 
were studied. These were found to re- 
semble the corresponding reactions of 
neopentyl chloride but the latter is more 
reactive with sodium and less reactive 
with ethylsodium. Both chlorides are 
inert to most basic reagents, with 
neopenty! chloride but the latter is more 
er activity. The relation of the Wurtz 
reaction to the action of a halide with 
an alkylsodium is further demonstrated. 


A Series of a,w-Dimercaptans, 
W. P. Harr anp E. E. Ret, Jour. Am. 
Chem. Soc. 65 (1943) p. 1466. 

The a,o-dimercaptans up to dodecam- 
ethylene were prepared. Their properties 
were determined and compared with 
those of the corresponding glycols and 
dibromide. The melting points and boil- 
ing points at 10 mm., 100 mm., and 760 
mm, pressure, density, refractive index, 
latent heat of evaporation, and content 
of sulfur for each of the mercaptans 
are tabulated. The methods of prepara- 
tion used are described. 


Manufacture: Processes 
And Plant 


Chemistry and the Petroleum Indus- 
try, A. E. Dunstan, Jour. Inst. Petr. 29 
(1943) pp. 163-89. 

The subject of refinery technology ' 
briefly reviewed including the distilla- 
tion, cracking, destructive hydrogena- 
tion, white products, chemical and 
physical refining, lubricating oils, sol- 
vent ‘extraction, synthetic lubricating 
oils, and the utilization of petroleum 
gases. In utilizing gases, most of the 


| work has been done on the 4 carbon 


fractions. The production of tertiaf) 


| butyl alcohol from isobutene, as well as 
| the dimerization of isobutene 1s com 
| sidered. Copolymerization of isobuten¢ 


and n-butene is described. Another . 
velopment arose when it was discovere 
that isobutane would smoothly unite 


| with the butenes to yield isooctane 


| one operation, Isobutane will also 


add 
to ethylene to yield neohexane. Sy! i 
products of high molecular weight prow 
ucts derived from petroleum are /riel) 
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Birmingham Rotary 


Drum 


acuum Filter 


on . Recovery 


Phantom View of 

McCaskell Rotary 

Disc Continuous 
Pressure Filter 





Filters. 


The McCaskell Rotary Disc Continuous 
Pressure Filter makes available, now—for 
the first time, continuous pressure filtra- 
tion with continuous automatic discharge 
of the dry cake to atmospheric pressure 
level. Specifically designed for the con- 
tinuous and automatic removal of decolor- 
izing clays from finished oil in contacting 
plant service. 


The Birmingham Rotary Drum Vacuum 
Filter has pioneered the way in clay re- 
covery plants for the “deoiling” of high 
oil content decolorizing clay cakes as dis- 
charged from the finished oil filters, and 


Bulletins describing the above filters will 
be mailed upon request. 


vice 


Birmingham Rotary 

Drum Vacuum Filter 

on Solvent Dewaxing 
Service 


i 





FILTERS 


BIRMINGHAM Refinery Filters are specifically designed for the 
different process requirements. That this principle is correct is 
demonstrated by the fact that 38,400 bbls. per day of a total 
licensed MEK solvent dewaxing capacity of 39,000 bbls. per day 
in the U. S. is handled on Goslin Birmingham Solvent Dewaxing 


the washing of the reactivated clays tor 
repeated use. 


The Birmingham Rotary Drum Vacuum 
Filter; successor to this Company’s Vallez 
Filter, the original solvent dewaxing filter; 
has been universally accepted as the Amer- 
ican refinery standard for low dewaxing 
differential solvent dewaxing. Extremely 
shallow compartment drainage construc- 
tion with the (patented) BIRMINGHAM 
drum compartment flushing and DriCake 
discharge attachments permit of sharp 
separation of filtrate and wash and a dryer 
wax cake discharge for important process- 
ing advantages. 





GOSLIN-BIRMINGHAM MFG. COMPANY 


BIRMINGHAM 1, ALABAMA 
350 Madison Ave., New York:17, N. Y. 


c . fac 
Seattle, Washington 


San Francisco, Calif. 














considered, among them, synthetic rub. 
ber, polystyrenes, and dimyl polymer; 
The place of the chemist in the refinery 
industry is discussed. ; 


Design for Hydrocarbon Absorption 
and Stripping, W. C. Epmister, Ind. & 
Eng. Chem. 35 (1943) pp. 837-9. 


The recovery of valuable hydrocarbons 
from multi-component gaseous mixtures 
by absorption, followed by steam strip. 
ping of the enriched solvent, is an in. 
portant process in the petroleum indys. 
try. In spite of the importance of thes 
operations, no rapid accurate method of 
design has been proposed. Such q 
method is presented in this article 
Equations are developed for making hy. 
drocarbon absorption and stripping de- 
sign calculations. Effective absorption 
(or stripping) factors, obtained by 
analytical equations from the terminal 
conditions, are used in the method, Ab. 
sorption and stripping efficiencies are 
computed by equations using these effec. 
tive factors and taking into account the 
compositions of the wet gas and the lean 
oil in the case of absorption and rich oil, 
and the stripping gas in the case of 


| stripping. The application of the method 


is outlined and illustrated. For com- 
ponents appearing in both wet gas and 
lean oil it is frequently necessary to 
apply both the absorption and stripping 
equations. A comparison of this and 
other methods with plate-to-plate calcu- 
lations indicates that this method pro- 
vides an accurate and rapid short cut 


| procedure. 


Countercurrent Multitubular Heat Ex. 
changers, M. G. Larian, Ind. & Eng. 


Chem. 35 (1943) pp. 840-4. 


The correct method for calculating 


| the heat transfer area of countercurrent 


tubular heat exchangers is by integra- 


| tion of wedt = U(T —t)dA. The inte- 


gration is graphical and requires lengthy 
calculations. Simpler methods are com- 
pared for accuracy and simplicity. Meth- 
ods of predicting film coefficients in such 
cases as those used in the article are 
briefly discussed. The author states that 
for the present the important fact is that 
film coefficients predicted from the 
Dittus-Boelter equation are lower than 


| those predicted from the Sieder-Tate 





correlation; yet they may be high by as 
much as 60 percent when compared with 
experimental values. It is evident that 
there is a great need for reexamuning 
all available data for the purpose o 
recommending a correlation simple 
enough to be acceptable and still that 
compares favorably with the analytical 
equation. Until then it is left to the i 
dividual designer to make the choice be- 
tween the Dittus-Boelter equation an 
the Sieder-Tate correlation, when the 
Reynolds number is greater than 800. 
For a Reynolds number less than 80, 
the use of the Dittus-Boelter equation ® 
out of the question; therefore the Sieder- 
Tate graphic correlation which extends 
to include the transition and the viscols 
flow regions should be used. 


Power Consumption of Propeller 
Type Agitators, C. E. Stoops AND CL 
Lovett, Ind. & Eng. Chem. 35 (1943) PP 
845-50: 

Mixing is an engineering operation 
that has probably received less quantit! 
tive study than any other operation 
the process industries. Because mixing 
can be performed in various ways, 4" 


there are so many variables involved, 
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Horizontal Bi-Mix Burner 


We feel certain that the HBM Burner is by far the most 
flexible refinery burner ever made, as just about any type 
of heat pattern can be produced—Heat in front of the fur- 
nace—Heat in back of the furnace—Heat in center of the 
furnace OR uniform heat can be produced throughout the 
furnace. 


This HBM Burner will come nearer burning all kinds 
of refinery gases satisfactorily than any other 
burner made. 





The John Zink FOUNDRY has the experienced 
supervision and facilities to make light castings 
involving numerous small cores. 


JOHN ZINK COMPANY 


TULSA, OKLAHOMA 














NEW YORK . . . LOS ANGELES . . . DETROIT . . . SAN FRANCISCO 
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and a rational correlation seems so qj 
cult, most workers have sidestepped 
attempt to correlate. The authors’ st 
was concerned with only one aspect 
the general problem: a study of th 
power necessary to turn certain pr 
peller-type agitators under varying con 
ditions. The dynamometer used & 
measure the shaft power is describe 
The data obtained were correlated 
dimensional analysis. The  followiy 
equation, in consistent units, gives th 
best correlation of the data: Ps 
0.56p9-8u9-2N2.8L3.7D0.9. Attention ¥ 
called to the fact that no critical value 
was found for the modified Reynold 
number pNL’/u. A bibliography of nine 
references to previous work on the gene 
eral subject is included. 4 
New Approach to Continuous Reactor 
Design—II, A. BrorHMAN, A. P. We 
AND E. Z. Barisu, Chem. & Met. Engem 


50 (1943) pp. 107-10. 


This is the second of three articles: 
dealing with a new theoretical approach: 
to the design of continuous processing) 
equipment for carrying out liquid-phase” 
reactions and other combining and mix” 
ing operations. The methods descri 
enable the engineer to design readily for 
a close approximation of the result thaty 
will actually be achieved by equipment) 
so designed, and to do so with a greater: 
degree of certainty than by earlier meth | 
ods. In an earlier article the basic ex” 
pression was derived that shows the 
tention time of each part of the efflu 
from a continuous liquid-phase syst 
of one or more vessels in series. The 
present article combines this expression) 
with the combining-velocity character 
istics for various types of phenomena. % 


Fluorescent Method Detects Leaks 7 
Process Vessels, F. Catiin, Chem. & 
Met. Engr. 50 (1943) p. 116. a 


A new method for the detection of) 
leaks in vessels, fittings, castings, valves,” 
piping and other process equipmenh” 
without the use of pressure, is availabley 
through a fluorescent penetrant which? 
is applied to suspected spots, and is them! 
made visible in the event of a leak by) 
near-ultra-violet light applied to the? 
opposite side of the surface. It is claimed) 
that the new method can detect leaks) 
that may be undetectable by other 
methods. At present the method has} 
been found to be effective on the seams 
of vessels of %4-inch sheet metal, while = 
a lesser amount of experience with 
thicker plate has indicated that good re 
sults can be had up to %-inch plate 
On still. thicker plate, or on castings 
more than 1 inch in thickness, difficulty 
in using-the method has been encoun — 
tered since the penetrant can become 
trapped or lost in a cavity or too-long 
channel beneath the surface. Several ap- 
plications of the method, as in the manl- 
facture of aluminum aircraft gasoline 
tanks, are described. 


Corrosion of Iron by Ammonia, H. J. 
McDona.p AND M. Fetter, Chem. & Met. 
Engr. 50 (1943) p. 111. 


Ammonia solutions containing more 
than 1 percent of ammonia completely % 
prevent-the corresion of iron in the form 
of steel wool. Investigation showed that 
in aqua ammonia solutions ranging 
downward in concentration from 1 per 
cent there is increasing susceptibility t0 
corrosion. This tendency, howevet, ® 
still relatively small at 0.1 percent com 
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The experience of our personnel spans the time from the 
days when efficiency of recovery of liquid hydrocarbons from 
gas was measured only in terms of charcoal adsorption, to 
these days when the refining, the synthetic rubber, and the 
chemical industries are looking to the gasoline plant and 
cycling plant owner for pure liquid ethane, propane, butanes, 
pentanes and hexanes. 
Hudson designed and constructed the first cycling plant to 
recover on test runs over 80% of the butanes in the raw gas 
feed, and other Hudson designed and built plants are in 
successful operation, recovering high percentages of ethanes 
and propanes, and closely fractionating the recovered liquid 
into pure hydrocarbons. ‘ 
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SHOPS 
1671 Hyde Park Ave. 
Hyde Park, Mass. 





ELECTRICALLY HEATED STILL 


The use of electrically heated equipment 
solves many problems where high tem- 


peratures and critical control are required. 
S. D. HICKS & SON CO., INC. 


145 Border St. 
E. Boston, Mass. 


PROCESS DIVISION 
51 E. 42nd Street 
New York City 
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Here at Multi-Metal, 
many Wire and Filter Cloth products 
have been fabricated for the coun- 
try’s leading refiners, using a great 
variety of metals. 

Now Multi-Metal’s increased fab- 





Welding “‘Multileaves” 


Mutti- METAL 


WIRE CLOTH COMPANY | 


RP RATED 


1356 GARRISON AVE 


25’ diameter “Singledisc’’ one homogeneous fabric. 


All stainless, pressure 
filter leaves 


rication facilities are producing a 
still greater variety of products to 
aid the war effort. 

Consult us today on your problems 
involving Wire.and Filter Cloth as- 
semblies or sheet metal fabrications. 


Welding pipe line strainers 


eae 
WIRE CLOTH 


FILTER CLOTH 
ALL MESHES 


ALL METALS 


BRONX BORO, N.Y. — 























centration. The procedure used in the 
experimental work is described in some 
detail. 


Products: Properties 


And Utilization 

Propane Instead of Acetylene, \V, A. 
KirKBy, Fuel in Sctence & Practice 2 
(1943) p. 54. 


A 56-pound cylinder of propane js 
equivalent to three 200-cubic foot cylin- 
ders of dissolved acetylene for metal 
cutting and non-ferrous welding. The 
comparison of calorific values alone js 
not a sufficient basis for comparing the 
two gases. Differences in flame tempera- 
ture, and in the mechanism of combus- 
tion are important. Propane had a maxi- 
mum flame temperature of 2760° C. as 
compared to 3130° C. for acetylene. This 
is an advantage, and permits more per- 
fect oxidation and greater cutting speed. 
The author believes that there is some 
question as to whether propane will give 
as reliable welds with non-ferrous metals 
as acetylene because of the tendency to 
intense oxidation at high temperatures. 
The reducing zone in the envelope of the 
oxyacetylene flame retards the undesir- 
able effects of atmospheric oxygen. The 
propane-oxygen flame is more difficult 
to adjust than the acetylene-oxygen 
flame. However, the propane flame does 
not strike back as easily and the speed 
of flame propagation is about one third 
that of the acetylene flame. 


Industrial Alcohol for War and Post- 
war, Chem. & Met. Report, Chem. & Met. 
Engrs. 50 (1943) pp. 119-126. 


Within the last year or so, the demand 
for industrial alcohol in this country 
has multiplied several fold over the peak 
of peacetime needs. Manufacture of ex- 
plosives and the production of butadiene 
for synthetic rubber represent two of the 
largest of the new demands, although it 


| is true that practically all normal indus- 
| trial users have required more alcohol 


for their ordinary purposes because of 
expanded wartime activities. In prewar 
years the need for industrial alcohol 
ranged from about 110 to 140 million 
wine gallons per year. Major uses of in- 
dustrial alcohol are given in_ tabular 
form for a several year period. Under 
prewar conditions over 70 percent ol 
the domestic supply of industrial alcohol 
came from blackstrap molasses. The 
second largest source, contributing some 
15 percent of the total, was synthesis 
from unsaturated hydrocarbons sepa- 
rated out of petroleum refinery gases or 
ethylene from other hydrocarbn crack- 
ing. Under war conditions conversion 0! 
the beverage distilleries has contributed 
possibly 50 percent of the total. The 
manufacture of alcohol from by-products 
of hydrocarbon gas has been carried out 
in the United States by Carbide and 
Carbon Chemicals Corporation and by 
the Standard Oil Company. The conven- 
tional: procedure is to absorb ethylene 
strong sulphuric acid and then hydrolyze 
the ester into ethyl alcohol. On account 
of the large quantity of steel require 
for plants of this type a program of ex 
pansion in this direction was undesirable 
in wartime. In spite of this it is believe 
this country is now producing from 2 
to 60 million gallons annually of synthetic 
alcohol as compared to 35 million gal- 
lons for the fiscal year 1941. Methods 
for producing the alcohol from wheat, 
from sulphite liquor, by the hydrolysis 
of wood and from corn and mo!asses 
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a Pomona Pumps Used-for Navy’s Gi 5 re 
she Fas ee” oe Bee, 
ex: Probably never in the history of this nation has a more desperate battle against 3 
ene time been waged than in the operations shown here... the U. S. Navy’s raising @= 
the of sunken warships at Pearl Harbor. The size of the project and the speed and 
h it efficiency with which it was accomplished make it one of the great engineering 
cee feats of all time... 
no 
of This official Navy photograph shows one phase of this grim race... the job of de- 
war watering and raising the giant warships. Here was a pumping operation involving 
hol unusual difficulties...a problem of removing millions of gallons of sea water in 
lion great volume and without interruption of flow... corrosive water, mixed with oil 
in- scum from burst fuel tanks... water laden with harbor muck, gritty sands and rust 
ilar ... the toughest kind of a pumping job. Added to this—working space was extremely Close-up of the Pomona Pump at work 
der limited, and time so precious that none could be wasted on equipment breakdowns! — ee 
nol High up on a column pipe in the photo above you can see the pump that the Navy 2 gg for ALL water-mov- 
he used for this tough dewatering job—A POMONA PUMP! 7 oe 
yme What has this to do with YOUR pumping operations? Simply 
esis this... when the chips are down and there’s a pumping job to 
‘ do—and do with maximum dependability, speed and efficiency — 
ciel Pomonas are the pumps to use. So why be satisfied with anything 
3 Ol less than Pomona performance on ANY pumping operation? 
ick- Let your nearby Pomona distributor study YOUR pumping 
i : job and show the many savings Pomona Pumps can moke! 
iter 
The JOSHUA HENDY IRON WORKS 
cts Pomona Pump Co., Division © 50 Church Street, New York 7, N. Y. 
a Plants: 4301 So. Spring Ave., St. Louis 16, Mo.; 206 Commercial St., Pomona, Calif. 
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THERMOMETER 


The “‘Red-Reading-Mercury” column of a Palmer Thermometer gives you as quick, 
easy and accurate eg as though you were looking through the gun sight of 


one of our hard hitting . 


calibers. Every part of a Palmer Instrument is precision 


made, built for heavy duty and long life. Scientific annealing assures permanent 
and dependable accuracy. Avoid mistakes and waste by installing -— visibility 
Palmer ‘‘Red-Reading-Mercury”’ Thermometers. Write for Catalog No. 300-D. 





A scientifically prepared castable re- 
fractory concrete. Ready for use by 
the addition of water. Available in two 
grades—both grades designed for a 
maximum working temperature of 
2600° F. INDUSTRIAL for heavy work 
where maximum strength is required. 
DOMESTIC for patching and repairing 
where good plasticity and workability 
are important. 

RECOMMENDED FOR monolithic fur- 
nace hearths, door linings, baffles, 
burner blocks and special refractory 
shapes. 


INSTALLATION 
OR REPAIR 


A scientifically prepared castable re- 
fractory weighing approximately 65 lbs. 
per cubic foot in place. Ready for use 
by the addition of water. Kel-Crete is 
designed for a maximum working tem- 
perature of approximately 2000°F. | 
RECOMMENDED FOR lighi weight re- 
fractory shapes, car tops, door linings, 
duct linings, dampers, baffles, etc. 
Literature more fully describing Kastic 
and Kel-Crete is available and will be 
forwarded upon request. 


THE M. W. KELLOGG COMPANY 


Sales Office: 225 Broadway, New York, 7,.N. Y. 
+ Detroit, Mich. + Pittsburgh, Pa. 


Representatives in: Chicago, Ill. 


Plant: Jersey City, N. J. 





are briefly described. The subject 7 
postwar alcohol demands and supplig 
and of future processes for the produg 
tion of alcohol are discussed. 3 
Fouling and Wear in Diesels fre 
Fuel, G. H. Croup anp A. J. BLACK Woop, 


SAE Jour. 51 (1943) p. 58. 


The authors note that the high-speed” 


diesel engine may be sensitive to diffen | 
ences in fuel properties. Some differences” 
in fouling and wear cannot be explained | 
by consideration of the lubricant usedg ” 
To study the question, 40 fuels were” 
tested in three makes of automotive | 


diesels. The test proved that suitable | 
for automotive | 


fuels were necessary 
diesel engines if trouble from fouling 
and wear are to be avoided. If diesel 


fuels are clean and free from corrosive | 


agents, the main properties leading to 
engine fouling and wear are sulfur con- © 


tent, ignition quality, viscosity and vola- | 


tility. Sulfur content is the most im 


portant of these. An increase in sulfur” 


from 0.2 to 1.0 percent can increase” 
engine fouling 40 to 80 percent, and ring 
and cylinder wear may increase from 


2-fold to 6-fold. These difficulties are” 


probably occasioned by sulfur trioxide 


that attacks the lubricating oil, produc” 
ing an insoluble sludge that leads to 


varnish and carbon formation and im. 
creased ring and cylinder wear. There ig 
little improvement to be had in increas- 


ing the cetane number of the fuel above | 


that necessary for smooth operation. 
Reducing the cetane number from 50 to 
35 increased engine fouling 10 to 30 per- 
cent but did not affect wear. Fuel vis- 
cosity and fuel volatility should be 
specified rigidly. Increasing viscosity 
from 35 to 40 S.U. seconds at 100° F. 
caused a 30 percent increase in engine 
fouling. The authors note that their 
findings on bad effects of sulfur in 
diesel fuels apparently did. not apply to 
low-speed diesels in marine or industrial 
service as indicated by a 12-month test 
on two marine diesels. 


Mineral Insulating Oils, A. G. AssaF 
AND J. C. BatsBauGu, Ind. & Eng. Chem. 
35 (1943) pp. 909-16. 

The authors studied the effect on some 
of the non-hydrocarbon components 
normally found in commercially refined 
oils, mainly the sulfur compounds. 


Representative samples of thio-ether, de © 


sulfides, mercaptans, and a few special 


samples were studied. At the same time © 


the effect of oxidation inhibitors on the 
electrical losses produced during a lim 
ited oxidation was investigated. Conse- 
quently a group of six oxidation it 
hibitors was added to the list of addi- 
tives studied. The inhibitors did not 
produce high electrical losses by increas- 
ing the length of the induction period. In 
the continuous-oxidation tests the i? 
hibitors that reduced oxygen consump- 
tion, in general also reduced the elec 
trical losses. Tert-amyl phenyl phosphite 
produced the lowest electrical losses 
under the conditions of limited oxidation, 
presumably because of its inactivation 
of the copper surface. Sulfur com- 
pounds in concentrations found in fe, 
fined oils may increase or decrease the 
electrical losses produced by a limited 
oxidation, depending on their type am 
structure. Among the’ samples studied, 4 
thioether and a mercaptan produced hig 
electrical losses during continuous oxida 
tion. Sulfur. compounds that, inactivate 
copper surfaces produce low |ossés 
during limited oxidation. The nom 
hydrocarbon components of a mineral 
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On the toughest jobs you'll find PACIFIC! 


pes + “The operation of this pump is vital to the refinery. Specify PACIFIC.” Comments like this, from 


refinery engineers throughout the world constitute unqualified endorsement of PACIFIC Refinery 


Pump design and construction. 


PACIFIC builds pumps to meet every required variation in refinery pumping conditions. These 


pumps are now handling both heavy and light liquids at temperatures ranging from sub-zero 


to 850° F. PACIFIC pioneered double-case design, hardened metal combinations, mechanical 


floating seals and other features that mean long service life with low maintenance costs. 





THESE BULLETINS SHOULD BE IN YOUR FILES 


Complete details and specifications of 
PACIFIC Refinery Pumps are available. 
Write for your copies of Bulletins 75 and 78. 


On the basis of efficient, economical performance, PACIFIC 
Refinery Pumps are recognized as the foremost pumps in 
the field. To those refiners holding high priorities we 
suggest a thorough investigation of Pacific design and 


performance as adaptable to their requirements. 


PACIFIC PUMP WORKS 


Executive Offices and Plant: Huntington Park, California * Export 
Office: 30 Rockefeller Plaza, New York * Sales and Service: Offices 
in principal cities in the United States * Affiliated Companies: 
Clark Bros., Olean, N. Y.; Dresser Manufacturing Co., Bradford, 
Pennsylvania; The Bryant Heater Company, Cleveland, Ohio 
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METALLIC 
FILTER CLOTH 





et a stand this test | 


Even during the unrelenting drive for war production, we 
have adhered without deviation to the fundamental NEWARK 
policy of producing accurately-made filter cloth. Our older 
skilled craftsmen still operate the looms. And we have not 
strayed one bit from our long established policy of buying 


only the best in wires. 


The NEWARK Line of Fine Metallic Filter Cloth for refinery 
service covers all known needs both as to range in mesn, 


style of weave and kind of metal. It is woven firmly and 





uniformly, such as Monel and Stainless Steel. It is free from 
Send for our latest looseness or waviness. It forms a good cake, easily dis- 


catalog. charged. 


/ The slogan “NEWARK for Accuracy” has a 
MM 3 WA 4 4 real economic meaning to you. You get a 


cloth that produces uniformly satisfactory fil- 


fer A C Cc U R A Cc » tration results with long-life. 


NEWARK WIKRE CLUTH COMPANY 


334 Verona Avenue, Newark, N. J. 10-NWC-2 
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oil determines to a large exten: the 
characteristics of an oil under liinited 
oxidation. In many cases a few ienths 
percent of one percent of added com- 
pounds can change greatly the char- 
acteristics of an oil. 


Deterioration of Lubricating Oils, J. J. 
Jacoss AND D. F. OtHMer, Ind. & Eng. 
Chem. 35 (1943) pp. 883-89. 


Lubricating oils must not only lubri- 
cate engines, but also seal piston rings, 
carry away carbon and soot, and cool the 
engine. To do this they must be stable 
in use. In modern high-compression en- 
gines, the natural stability of mineral 
lubricating oil has not been high enorgh 
to withstand the severe operating con- 
ditions. Since many of the synthetic 
additives developed contain critical ma- 
terials, the possibility of using a natural 
product was investigated. Commercial 
soybean lecithin is an oil-soluble mate- 
rial containing phosphorus and nitrogen, 
two elements claimed to have desirable 
properties in additives. The optimum 
concentration of this cheap, readily 
available material was determined by the 
Sohio oxidation test. A comparison with 
other commercial additives was made 
using different base stocks and oils of 
different viscosities. Some observations 
of the effect of method of refining on the 
stability of oils were made. Phosphatides 
were found to be good oxidation in- 
hibitors. The amounts of insolubles are 
reduced as well as the viscosity increase 
and the neutralization number. They are 
effective in oils from widely varying 
base stocks and in oils refined by differ- 
ent methods, They compare favorably 
with several commercially accepted in- 
hibitors, 


Lubrication Facts for Present Pro- 
duction, C. E. S. Eppie, Great Lakes Steel 
Corp. Ind. & Power 44 (1943) pp. 61-3. 

The lubrication of a_ turbine-driven 
pump is described as an example of the 
importance of selecting the right oil for 
a given purpose. The turbine speed ot 
5580 rpm was reduced to 710 rpm for 
the pump. The large gear ran in oil 
which was of such quality that it did 
not cling to the gear. The operating 
temperature of 160 to 175° F. resulted 
This oil was replaced by a treated oil 
containing an additive to increase film 
strength and retentivity. The oil adhered 
to the gears and was not thrown off cer- 
trifugally. The operating temperature 
dropped to 140° F., and it was felt that 
the change would prolong the life of the 
equipment many years. The use of am 
extreme pressure lubricant in a screw 
down assembly consisting of a worm, 
wheel and screw, is described, in which 
the replacement of previously used 0! 
resulted in an increase in run length 
from 2%4 to 18 months. Great Lakes 
Steel Corporation saves money through 
reclaiming its oil. Reclaimed diesel 0! 
proved better than new oil for use ™ 
locomotives, greatly reducing diesel 
Maintenance on liners, bearings and 
other wearing parts. 


Determination of Tetraethyllead in 
Gasoline, L. Scuwartz Ind. & £19 
Chem., Anal. Ed. 15 (1943) pp. 499-501: 

The production of maximum quantities 
of high-octane aircraft engine fuels “dt 
cessitates the use of tetraethyllead to the 
top limits of the permissible tetraethy! 
lead content. To facilitate the commerci4 
content. To facilitate the co nmerce 
blending of gasolines to these top limtts 
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thal Buell Dust Recovery Systems help make 100-octane gas... 
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f an “CAT CRACKER” is the oil industry's nickname ment (incorporating the exclusive van Tongeren 
vc for the new catalytic cracking processes now pro- ‘“‘shave-off”) pays for itself many times over in the 
rhich ducing high-octane gas—processes calling forthe recovery of the costly, finely divided catalyst. And 
bn highest efficiency in the recovery of catalyst dust. Buell’s large-diameter, extra-heavy metal cyclones 
akes It is significant that so many leading oil com- eliminate clogging and reduce abrasive wear —for 
tl panies have chosen Buell (van Tongeren) Dust long life and continuous performance. 
se in Recovery Systems for this important work. Here, as in so many other fields, Buell leader- 
eat The remarkable natural and synthetic catalysts | ship has again demonstrated its ability to solve 

used are both expensive and abrasive. Buell equip- _—_ difficult dust recovery problems. 
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Eng Tor a complete description of the theory and operation of 
01. the Buell (van Tongeren) cyclone, write for Bulletin G-842. 
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Consider the wide operating range of R-S Butterfly Valves. 
They are used for the reduction and regulation of pressure 
whether above or below atmosphere; to control liquid level; to 
relieve pressure and control back pressure; to maintain a con- 
stant differential pressure; to control ‘rate of flow; to control 
combustion automatically as well as govern the output of 
pumps, fans, engines and turbines. 


Coupled with these many uses and the inherent advantages of 
the R-S Butterfly Valve, are special metals for use where hard 
wear and severe stresses are encountered or where extreme 
temperatures and corrosive conditions exist. A further induce- 
ment to longer wear is the de- 
sign of the valve itself. When 
the Butterfly vane approaches 
a closed position, the flow 
“fans out.” There is no dam- 
aging “jet” effect to cause 
severe wear to the sidewall 
within a small area. 


If your problem has to do with 
the control and shut-off of 
volume and pressure, and you 
are interested in simplified 
No. 586—A big 60-inch, and less costly methods, write. 
15-lb power-operated valve. Ask for R-S Catalog No. 14-B. 





VALVE DIVISION 
R-S PRODUCTS CORPORATION 


120 Berkley Street + Philadelphia 44, Pa. 
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an accurate and rapid method for the 
determination of tetraethyllead is re. 
quired. A procedure for the rapid de. 
termination of tetraethyllead in gasoline 
based on modifications of the Balde. 
schwieler nitric acid method is described, 
By using 40 percent nitric acid contain- 
ing 6 percent potassium chlorate and a 
separatory funnel, complete extraction 
of the lead is effected in 8 minutes with 
clean-cut separations and negligible heat 
rise even with 100 percent cracked gaso- 
lines. The amount of lead is determined 
in the extractions by either volumetric 
or gravimetric methods. When frequent 
determinations are to be made, a pre- 
ferred volumetric chromate method igs 
recommended as more rapid than the 
gravimetric methods described. Tables 
are given showing typical comparative 
results and showing the influence of 
ethyl ether and acetone washings on the 
accuracy of the results. 


Determination of Butadiene, J. F, 
Cuneo AND R. L. Switzer, Ind. & Eng. 
Chem., Anal. Ed. 15 (1943) pp. 508-9. 


A rapid and accurate method for the 
analysis of 1,3-butadiene is of consider- 
able importance in the present synthetic 
rubber program. Butadiene can be asso- 
ciated with n-butane, isobutane, iso- 
butene, 1-butene, cis-2-vutene, trans-2- 
butene, methylacetylene, vinylacetylene, 
and ethylacetylene. Any method of 
analysis must be accurate and rapid, re- 
gardless of the percentage of the above- 
mentioned compounds. The authors de- 
scribe a method for the determination of 
butadiene in gaseous hydrocarbon mix- 
tures that are free of acetylenes. It was 
found possible to remove the acetylenes 
commonly associated with the butadiene 
and butenes without affecting the rela- 
tive proportion of the remaining gaseous 
components. The determination of buta- 
diene consists of two operations: (1) 
absorption of the alkenes and alkadienes 
in a mercuric nitrate solution; (2) hydro- 
genation of the alkanes and alkadienes 
to alkanes. From these data the mole 
percent of alkadienes in the hydrocarbon 
mixture can be calculated. The apparatus 
and procedure are described in detail 
and typical results are tabulated. 


N-Methylaniline Point of Viscous Pe- 
troleum Oils, B. W. Geppes, L. Z. Wil- 
cox, AND E. H. McArote, Ind. & Eng. 
Chem., Anal. Ed. 15° (1943) pp. 487-9. 


For testing lubricating oils of rela- 
tively high aniline point, e.g., above 80° 
C. a modification of the aniline point 
test wherein aniline is replaced with 
N-methylaniline, is suggested. Prelimi- 
nary results indicate that the method can 
also serve in testing other petroleum 
products. At present, an important use 
of this type of test is in estimating the 
relative tendencies of these oils to attack 
rubberlike materials. The method of 
making the test is described in detail 
and typical results are given. Aniline 
points can be obtained from N-methyl 
aniline points by adding 139° F. AS. 
T.M. steam emulsion tubes offer a con- 
venient and precise means of performing 
the test. 


Determination of Wax in Asphalt, 
R. L. Betts anv H. D. Wirsic, /nd. & 
Eng. Chem., Anal. Ed. 15 (1943) PP 
478-83. 

Wax can materially affect the proper 
ties of an asphalt, and the magnitude 0 
the effect will depend upon the nature 
the wax and the amount present. A tf 
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EFFICIENT PRODUCER TOMORROW 


This is a model of a synthetic oil chemical plant. Its perfection of de- 
tail and competent layout is indicative of the progressive engineering 
and construction “know how” focused on this and every job by 
Foster Wheeler. 


Complete facilities, including a pilot plant laboratory, plus 40 years 
of experience in oil, steam, heating and cooling systems are available 
to the petroleum and chemical industries for economic construction 
and operation of complete plants. 


FOSTER WHEELER CORPORATION 165 BROADWAY, NEW YORK 6, N. Y. 
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KEMP of BALTIMORE is 
now providing high- 
efficiency diwses and 
inert gas producers for 
alkylation, dehydrogen- 
ation and catalytic 
cracking plants... for 
butadiene. styrene and 
co-polymer plants. For 
technical bulletins, 
descriptive leaflets and 
general information, 
address The C. M. Kemp 
Mig. Co., 405 East Oliver 


Street, Baltimore, Md. 








liable procedure capable of evaluating 
both the character and quantity of wax 
present in an asphalt is desirabie. The 
experience of the Esso Laboratories jp 
the determination of waxes in asphalt 
is described in the article. The literature 
of the subject is reviewed and the work 
undertaken to study and compare the 
various methods is described. The prob. 
lem divided into two parts; first, the 
selection of a suitable solvent it which 
residual oils are soluble and waxes are 
relatively insoluble, and second, the 
effect of the several treating methods 
on waxes and on the recovery of these 
waxes when added to asphalt in known 
amounts. The Schwarz method, ad- 
sorbent method, Richardson or acid- 
treating method, and aluminum chloride 
treating methods are described in con- 
siderable detail. The aluminum chloride 
method has been chosen for wax de- 
termination in the Esso Laboratories, In 
conclusion, comment is made on two new 
methods that have been proposed for 
the determination of wax in asphalt, 


Personnel Changes in Shell 


Organization Announced 

The Shell Oil Company, New York, 
has announced four executive changes to 
meet readjustments necessitated by the 
recent creation of a department of in- 
dustrial relations. 

George H. Dempster becomes 
manager of the personnel department. 
John C. Quilty has been appointed 
manager of industrial relations. L. A. 
Lohman was named assistant manager 
of the newly created department. The 
new department functions closely with 
the personnel department under the 
combined general management of E, H. 
Walker. 

Walker, a native of Mississippi, joined 
the organization 11 years ago, at the 
Norco refinery. He was transferred t 
St. Louis in 1936 as personnel assistant 
to the vice president in charge of manu- 
facturing, and continued in that post 
until removal of the company’s head 
office to New York in 1940, at which 
time he was made personnel manager. 

Dempster, born in Ohio, came to Shell 
in 1933. For a short while he was as- 
signed to the marketing department i 
the Cleveland offices before he was 
called to the former general offices i 
St. Louis where he was attached to the 
president’s office. He went to New 
York in 1940. 

Quilty, a graduate of the University 0! 
Oklahoma, entered Shell’s legal depart: 
ment at Tulsa where he had been et 
gaged in private practice. Later he was 
sent to the legal department in St. Louis 
and in 1940 was placed in charge of the 
company’s legal department at Centralia, 
Illinois, He went to New York in 1% 
as office assistant to the president. 

Lohman’s association with Shell dates 
from 1930. He was personnel manage! 
at the Wood River refinery for 10 years, 
after which he was transferred to the 
head office in New York as industria 
relations assistant in the personne 
department. 


Grease Institute to Hold 


Conference in Chicago 

The National Lubricating Grease +" 
stitute will hold its eleventh annua 
meeting in Chicago from November ! 
at the Edgewater Beach Hotel. A Pt” 
gram has been arranged covering te 
nical matters and subjects of immediate 
concern to the grease manufacturer. 
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e A High Grade Monel Woven 
Wire Basket with mesh fine 
enough to catch the dirt—yet 
ample free area for passage of 
clean condensate, oil and 
other fluids. 

@ Body Cadmium Plated Inside 
and Out for Protection Against 
Corrosion. 

e@ Readily Removed Steel Blow- 
Off Bushing. 

e@ Bushing Automatically Aligns 
Screen. 

@ Thousands in Use—Sold by 
Over 100 Mill Supply Houses. 

@ 6 Sizes 12" to 2" for Pressures 


—_—_—_. 


up to 600 Lbs. 























See Your Supply House 
or write for Bulletin S-200 








YARNALL-WARING COMPANY 
128 Mermaid Ave., Philadelphia 18, Pa. 





244 








* BUSINESS NOTES x 


Lawrence B. Jackson Directs 
Diese! Engineering for Alco 


Lawrence B. Jackson has recently 
been appointed director of engineering 
for the Diesel Division of American 
Locomotive Com- 
pany, 30 Church 
Street, New York. ~ 

Jackson is a grad 
uate of Stevens In 
stitute of Technolo- 
gy. After association 
with American Ha- 
Waiian Steamship 
Company as superin- 
tending engineer, and 
with Texas Steam- 
ship Company as 
plant engineer at the 
Bath, Maine, ship- 
yard and superintendent of the Tech- 
nical Division, Marine Department, he 
became associated with Fairbanks, 
Morse & Company in 1925, rising to the 
position of manager of engineering in 
1936. 

He has contributed to various tech- 
nical journals on subjects relating to 
internal combustion. engines, and is the 
inventor of an interlock hydraulic con- 
trol for water-gas manufacturing and 
an exhaust silencer. 

He is a‘ member of the American 
Society of Mechanical Engineers, the 
Society of Automotive Engineers, So- 
ciety of Naval Architects and Marine 
Engineers and is a member of the 
Technical Committee of the American 
Bureau of Shipping. 








New Distributors for Quigley 
Products in Texas and Oklahoma 


Steve C. Maples & Company, 1120 
South Florence Place, Tulsa, Oklahoma, 
and 112 Brown Street, Pampa, Texas, 
has been appointed distributor for Quig- 
ley Products. The company will stock 
refractory and insulating materials for 
the construction and maintenance of all 
types of industrial furnaces, acid-proof 
cements, joint sealing compounds, clean- 
ing compounds and types of protective 
coatings. 


Heman Greenwood Heads Foreign 
Department for Carrier 


Heman Greenwood has been elected 
vice president of Carrier Corporation, 
in charge of its International Division 
and assumed his new duties October 1 
in Syracuse, New York, headquarters 
of the company. 

Greenwood graduated from the Uni- 
versity of California with a degree in 
mechanical engineering. His first for- 
eign assignment was in China as a 
member of the faculty of Hunan Poly- 
technic Institute in Chengsha. He has 
long been active in the Council on 
Foreign Relations and is a director of 
the American-Brazil Association. He is 
a member of the American Society of 
Mechanical Engineers and of the Amer- 
ican Society of Civil Engineers. 


E. A. Phoenix Becomes Assistant 
Manager of J-M Pipe Department 


E. A. Phoenix has been appointed 
assistant manager of the Transite As- 
bestos Pipe Department of Johns-Man- 
villee New York. He will serve as 
general assistant to C. A. McGinnis, 


manager of the Transite pipe depart- 
ment, and will specialize in field sales 
and educational phases of the business, 
In 1940, he became a member of the 
Johns-Manville Quarter Century Club, 
an honorary organization composed of 
those who have been with the company 
25 years or more. 


William J. Conley Appointed 
Consultant by Lincoln 


William J. Conley, former chairman 
of the engineering department of the 
University of Rochester, has been ap- 
pointed consulting 
engineer by The Lin- @& 
coln Electric Com- 
pany, Cleveland, 
Ohio. He will act as 
welding consultant % 
for various indus- 7 
tries, handling prob- 
lems on mechanical 
and structural de- 
sign utilizing weld- 
ing, as well as metal- 
lurgical problems in- 
volving welding 
processes. 

Conley is a member of the American 
Welding Society and American Society 
for Metals. He is also a member of 
the American Institute of Mining and 
Metallurgical Engineers, American Elec- 
troplaters Society, and the Society for 
the Promotion of Engineering Educa- 
tion. 





Division Superintendent for 
Dow Company Dies in Michigan 


Frank W. O’Brien, widely known in 
the chemical world and with Dow 
Chemical Company for 31 years, died 
August 28 of a heart attack at his 
home in Midland, Michigan. He was 
graduated from the University of Mich- 
igan. At the time of his death he was 
divisional superintendent for the com- 
pany and in charge of caustic soda pro- 
duction. 


Fisher Governor Company 
Produces 1,000,000 Controllers 


The one-millionth Fisher controller, 
manufactured by Fisher Governor Com- 


SERIAL N 
1009,000 





N. T. Chadderon, president of Fisher Governor 
Company, with other workers, with the millionth 
controller. 
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IT WILL TELL YOU ALL ABOUT THE N. E. STEELS 


Here’s one of the handiest and most useful books ever 
published—because it contains up-to-date facts and 
figures on the current National Emergency Steels. 


It presents an unusually complete description of the 
N. E. Steels, why they were developed, their chemical 
analyses, physical properties, their relationship to 
standard steels, and where and why they may be sub- 
stituted for high alloy steels. 


It tells how to select the correct grade for each appli- 
cation, how to fabricate it and the precautions to 
exercise. It discusses the end quench hardenability 
test and its use in predicting certain phys- 
ical properties. It offers many useful tables, 
including combined standard lists of A.I SI. 
and S.A.E. steels. oo 


REPUBLIC ¥i | 


c Moy svevis 


October, 1943—A Gulf Publishing Company Publication 


This helpful book is now in its second edition. Thou- 
sands already have been distributed. If you are an 
engineer, metallurgist or production executive, there is 
a copy awaiting your request. Just fill in and mail the 
coupon below—your book will be mailed promptly. 


REPUBLIC STEEL CORPORATION 
Alloy Steel Division 
Sales Offices + Massillon, Ohio 


GENERAL OFFICES e ” CLEVELAND 1, OHIO 
Berger Manufacturing Division e Culvert Division 

Niles Steel Products Division ¢ Steeland Tubes Division 

Union Drawn Steel Division ¢ Truscon Steel Company 

Export Department: Chrysler Building, New York 17, New York 


Republic Steel Corporation, Dept. PR, 
3100 East 45th Street, Cleveland 4, Ohio. 


\Y Please send me a copy of your N. E. Steels Handbook. 


Title 








THERE IS WHY IT IS 
GOOD BUSINESS TO 
_ §$EE THAT YOU GET 


BATES-GRATES 


FOR OPEN STEEL 
FLOORING 







oO That scraper edge on the 

wy Bates open steel flooring 
cross bar is cleaner and safer. 
You grasp the idea from even a quick 
glance at the picture. Yet it doesn’t 
cost you a cent more. 

You get those extra advantages be- 
cause the Bates patented process 
builds a fillet from displaced metal— 
in addition to the clean scraper tread 
of the “Hex” cross bar, giving you 
smoother, cleaner, larger welds and 
stronger flooring. 








well-illustrated, 
8%" x 11" CATA- 
LOG No. 43-44. It 
gives complete 
data on fillet 
welded Open 
Steel Flooring 
and Stair 
Treads. 


WALTER BATES COMPANY, INC. 
JOLIET + ILLINOIS 
OPEN STEEL FLOORING + STAIR TREADS 








pany, Marshalltown, Iowa, was recently 
installed in a new aviation gasoline 
plant in Kentucky. 

The fiirst Fisher governor was built 
in 1880 and by 1937, 500,000 controllers 
had been manufactured. The next half 
million were produced between 1937 
and 1943. 


Kalienbaugh Represents Timken 
Steel and Tube on Coast 


S. R. Kallenbaugh has been appointed 
West Coast district manager of the 
Steel and Tube Division of Timken 
Roller Bearing Company, Canton, Ohio, 
whose Western offices are at 1526 
South Olive Street, Los Angeles. 

Kallenbaugh is a graduate of Mt. 
Union College, and has had post-gradu- 
ate training in metallurgy at Ohio State 
University. Until his recent transfer, 
he was metallurgical service represent- 
ative for The Timken Roller Bearing 
Company in Cleveland and Detroit. 


Pump Engineering Service 
Corporation Changes Name 


Pump Engineering Service Corpora- 
tion, 11610 Euclid Avenue, Cleveland 6, 
Ohio, announces that effective October 
1, the name of the company was 
changed to Pesco Products Company. 
This change has no effect on personnel 


| or on the company’s affiliation with 





Borg-Warner, the parent company. 


National Radiator Company 
Names New District Manager 


Paul J. Thompson has 
nounced as the new manager 
Philadelphia branch of the National 
Radiator Company, Johnstown, Penn- 
sylvania. He has been with the com- 
pany since 1936 and succeeds Harry 
N. Booth, who died recently. 


been an- 
of the 


International Nickel Company 
Names Department Heads 


T. H. Wickenden has been appointed 
manager of the development and re- 
search division of The International 
Nickel Company, and H. J. French has 
been appointed assistant manager. 

Wickenden succeeds the late Albion 
J. Wadhams. He is well known in en- 
gineering circles in the automotive in- 


dustry, having been in charge of engi- 
neering at Studebaker’s South Bend 
plant from 1913 to 1920. He joined 


The International Nickel Company in 
1922 when he was placed in charge of 
developments in the automobile field 
for the development and research de- 
partment at New York. Numerous in- 
ventions connected with the use of 
nickel in cast iron are credited to him, 
and his papers and engineering data 
sheet on the use of nickel in steel and 
cast iron have been widely published 
in trade journals. He is a member of 
the Society of Automotive Engineers, 
American Society for Mechanical En- 
gineers, American Institute of Mining 
and Metallurgical Engineers, and Amer- 
ican Society for Metals. He served as 
a member of the iron alloys committee 
of the Engineering Foundation which 


| has published the Alloys of Iron Re- 


search Monograph Series. 

French is temporarily serving in the 
Steel Division of the War Production 
Board in Washington. He has been 
in charge of alloy steel development 
in The International Nickel Company’s 
development and research division. He 
is president of the American Society 





PLIBRICO 


Yountleza FAREBRICK 


The Answer to Your 
Refractory Problems! 


FOR boilers and stills—for patching and re- 
pairs—for entire walls and complete relin- 
in librico Jointless Firebrick is the 
dollar-saving, trouble-saving refractory that 
refineries everywhere are adopting. 

Plibrico forms a solid, monolithic lining 
that eliminates the weak joints of laid-up 
fire brick - ie toe Flexo-Anchors pre- 
vent bulging No special shapes are re- 
quired; Plibrico comes in moist, plastic form 
and can be readily moulded to any shape. 
Your own maintenance men can install it 

or we furnish complete installation service. 


For extreme conditions, there is the 
Plibrico sectionally-supported air-cooled wall, 
And the Plibrico sus- 
pended arch for boiler 
arches and still roofs. 
Both are erected with- 
out special tile or 
heavy castings. 


These catalogs 


cover your 
requirements. 


Here is the complete 
story of Plibrico linings, 
arches, air cooling, etc. 
Ask for your Plibrico 
catalog. Specify wheth- 
er —— H.R.T. or 
water tube boilers. 


PLIBRICO JOINTLESS FIREBRICK (0. 
1803 Kingsbury St., Chicago, Illinois 








New Complete 


Inventories Now Available 


GET YOUR COPY—WIRE—PHONE—WRITE 
* Tulsa Stocks 
* Lynch Refining Co. 
*. Olney Refining Co. 


* Evansville Refining 
Co. 


REFINERY EQUIPMENT © BOILERS © VALVES 
& FITTINGS © PIPE © PUMPS © TOWERS 
© VESSELS © STORAGE TANKS 


Refinery fi guipmen 


UNION AVE. AT 2 21st STREET 
TULSA, OKLA. 


Petroleum Refiner—Vol. 22, No. 10 




















Designed for high head— 
high temperature service. 








WORKMEN 
: LONG SKILLED 
oa IN THEIR ART... 


PUMPING 


Butane... Styrene... Butadiene... 
iso-Butane...Benzol... Toluol...etc. 


HIGH PRESSURES — Single, multivaned impeller at normal 
speeds develops extremely high pressures in single stage. 


LOW NPSH REQUIREMENT — Lower pressure drop (suction 
loss) is an outstanding characteristic. Assures satisfactory 
operation under minimum head conditions. 


ONE LOW-PRESSURE STUFFING BOX — Subjected to suction 
pressure only — not to discharge pressure. Minimizes chance 
for leakage. Ideal for volatile liquids. 


ONLY 1 ROTATING PART — Impeller rotates freely without 
frictional contact. 


FREE DATA BOOK. Write on your business letter- 
head for FREE 144 page book! Address: Dayton- 
Dowd Company, Dept. P-8, Quincy, Illinois. 


\DayTon-Dowp Vas iit dha dan 


Turbine Pumps 


Centrifugal Pumps | Lo GOW onder 


The difference between a heater that has 


A Name To Remember the capacity, efficiency and reserve fac- 


tors exactly suited to your requirements 

depends upon its design. The way that 
Post -War heater stays put—provides years and 
years of trouble free service depends on 
how it is built. 

















This is why America’s largest industries 
DIVISION — shipbuilders — institutions — Army 
and Navy look to ADSCO for heaters— 
horizontal or vertical—storage or in- 
stantaneous—heat economizers or spe- 
cial equipment to heat or cool water, oil 
NOW AT WORK 100% FOR VICTORY | or other liquids. Submit details of your 

heating or cooling problems or write for 


Steel plate fabricators | bulletin 35-75R. 


Manufacturers of Class | pressure vessels | AMERICAN DISTRICT STEAM COMPANY 
and all other classes of welding | ip ts eka eos dos so 


MAKERS OF “UP-TO-DATE” STEAM LINE EQUIPMENT 
FOR OVER 60 YEARS 


PLANT AT SHARON, PA. 





Complete X-ray and annealing facilities 


Completely equipped department for 


field erection hidek Ty .Vai 33 


Plate and Welding Division wore bucll Just right for the job 
GENERAL AMERICAN TRANSPORTATION STORAGE AND INSTANTANEOUS HEATERS 


CORPORATION ECONOMIZERS +- HEAT OR COOL WATER 
SHARON, PA. OIL OR OTHER LIQUIDS 














October, 1943—A Gulf Publishing Company Publication 
















oe onl 
liquid oF paste --° 


Equipment Mainten: 


A new approach to water treat- 
ing problems for: Refineries ° 
Recycling Plants * Gasoline Plants 
© Boilers * Circulating Systems ° 
Towers © Condensers . . . all 
equipment requiring scientific water 
treatment. 


PROOF: Fourteen years develop- 
ment on a new idea that is saving 
time, money, and trouble for lead« 
ing companies. 


Write... Wire... Phons 


CHEMICAL COMPOUND CO. 


P.O. BOX 2222 
TEXAS 


2911 RUSK AVE. 
HOUSTON, 


UNIBESTOS 
PIPE INSULATION 


For Temperatures up to 750° F. and 
1200° F. 
Most efficient molded covering. 


Single layer construction. 
Thicknesses up to 6”. 


Made half-sectional for pipe up to 
30” diameter. 


95% to 100% salvagable. 


Low installation cost. 




















The INDUSTRIAL INSULATORS 


SHREVEPORT, LA 


HOUSTON, TEXAS ® 





If you need condenser or heat ex- 
changer repairs in a hurry call us. We 
specialize in fast, high quality work. 


25 Years Successful Experience 


Gut ENGINEERING C0, yc 


> | 4 
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for Metals, and has membership in the 
American Iron and _ Steel Institute, 
American Society for Testing Materials, 
and the Institute of Mining and Metal- 
lurgical Engineers. He received the 
Henry Marion Howe medal of the 
American Society for steel treating in 
1931, and in 1933 was the Edward de 
Mille Campbell memorial lecturer for 
the American Society for Metals. 
French was honored in 1940 for his 
contributions to the development and 
advancement of welding, having been 
co-author of the 1940 Lincoln Gold 
Medal award paper, “Weld Hardening 
of Carbon and Alloy Steels.” 


Monsanto Chemical Company 


_ Announces Personnel Changes 


Monsanto Chemical Company has an- 
nounced the following changes in the 
organization, all effective November 1: 

William M. Rand, vice president of 
the company and general manager of 
the Merrimac Division with headquar- 
ters at Everett, Massachusetts, was 
elected to the executive committee of 
the company, with headquarters at St. 
Louis. 

Daniel S. Dinsmoor, assistant general 
manager of the organic chemicals di- 
vision with headquarters at St. Louis, 
has been elected a vice president and 
will succeed Rand as general manager 
of the Merrimac Division. 

Julius A. Berninghaus, general man- 
ager of the organic chemicals division, 
with headquarters at St. Louis, will re- 
tire on November 1, 1943, at age 65, 
a compulsory requirement under the 
company’s retirement pension plan. He 
will continue his active participation in 
the company’s business, however, in an 
advisory capacity to his successor. 

Osborne Bezanson, vice president of 
the company and general manager of 
the Texas Division, with headquarters 
at Texas City, will succeed Berning- 
haus as general manager of the organic 
chemicals division with headquarters at 
St. Louis. ; 

The Texas Division of the company 
with plants at Karnack and Texas City, 
will be consolidated with and become 
a part of the organic chemicals division. 





| MERIT AWARDS 


Awards of merit have been made by 
the government to the following com- 
panies: 

Le Roil Company, Milwaukee, Wis- 
consin, Army-Navy “E” for meritorious 
production of war equipment. 

Edward Valve & Manfuacturing Com- 
pany, East Chicago, Indiana, an addi- 
tional gold star for continued produc- 
tion achievement, to be added to the 
Maritime “M” pennant which was 
awarded in February. 

Buffalo Pumps, Inc., Buffalo, New 
York, renewal of the Army-Navy “E” 
for an additional six-month period, end- 
ing the second star to the pennant, a 
signal honor indicating continued 
splendid production of war equipment. 

The Pfaudler Company, Elyria Divi- 
sion, Elyria, Ohio, Army-Navy “E” 
award for high achievement in the 
production of materials needed for the 
war effort. 

Brown Instrument Company Division 
of Minneapolis-Honeywell Regulator 
Company, Philadelphia, Pennsylvania, 
Army-Navy “E” for outstanding pro- 
duction of war material. 





Hope Companies Combined With 
No Change in Management 


Hope Construction & Refining Com- 
pany has merged with Hope Natural 
Gas Company, recently. This is a step 
in the simplification of the corporate 
structure of the two companies, which 
have always been affiliated, and is jn 
accordance with a plan submitted to 
the Securities and Exchange Commis- 
$10n. 

All orders for Hopane, cutting gas 
equipment, propane, butane, and mix- 
tures thereof will be accepted and sales 
made by Hope Natural Gas Company, 
Clarksburg, West Virginia. s 





FRASER-BRACE ENGINEERING 
COMPANY, INC. 


Design, construction and installation 
of complete plants and projects 


Mechanical, Heavy Industries, Shipbuilding, 

Hydro-Electric Developments, Power Plants, 

Chemical and Refining Plants, Process Industries, 

Metallurgical Developments and Processes, Ex- 
losives, Plastics, Water Supply and Treatment, 
wage and Industrial Wastes Tesotment, 


Reports - Appraisals - Consulting 


10 EAST 40th STREET 
NEW YORK 16, N. Y. 








Petroleum refiner; experienced in most every 
phase of refining; Holmes-Manley, Jenkens, Cross 
and Dubbs crackers; and superintendence of 
plant operations and maintenance. Unemployed. 
Reply Box 396, c/o Petroleum Refiner, Houston, 
Texas. 








HELP WANTED—Chemical Engineer for 
process design work on petroleum refinery 
gas recovery and light ends handling 
units. Five years experience with refinery 
equipment manufacturer or refiner re- 
quired. Outline education, experience, draft 
status and salary in first letter. Reply 
7 306, c/o Petroleum Refiner, Houston, 
‘exas. 








FOR SALE: 1—75 K.W. A.C. Steam driven 
Generator with Exciter & Switch Board. 2—250 
H.P. Vogt boilers with chain grate, 1204 
pressure allowed. 4—Steam Pumps. Capital Ice 
Co., Indianapolis. 








WANTED 
INDUSTRIAL ENGINEER 
Engineering graduate with practical refinery ex- 
perience. Knowledge of planning and scheduling 
maintenance work, knowledge of refinery ma- 
terials, some experience in time study and job 
analysis. Location Middle West. Reply Box 46, 
c/o Petroleum Refiner, Houston, Texas. 








WANTED 

REFINERY METAL INSPECTOR 
With practical operating and mechanical ex- 
perience as well as sufficient engineering train- 
ing to handle cracking plant and general equip- 
ment inspection. Medium size refinery and new 
Aviation Gasoline Plant. Location Middle West. 
md Box 58, c/o Petroleum Refiner, Houston, 
exas. 


— 








AUTOMOTIVE ENGINEER — College graduate 
with experience in lubrication. For Technical 
Sales and development work. Please include full 
details. Reply Box 78, c/o Petroleum Refiner, 
Houston, Texas. 








— 
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